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ABSTRACT 
 The Tuscaloosa Marine Shale in southwest Mississippi and Southeast Louisiana’s Florida 
Parishes has become an unconventional target for the exploration and production of oil. Spurred 
by early estimates of over 7 billion barrels of oil in place, the target region for this production is 
the basal portion of the shale where a continuous increase in resistivity greater than 5 Ohmm can 
be observed. This increase was originally attributed solely to the generation of hydrocarbons 
from the organic matter contained within the shale, with the presence of the oil and gas impeding 
the flow of electrons through what would normally be a low resistivity lithology. Though this 
basal region of the shale has proven capable of producing economic quantities of oil, analysis of 
the mineralogy, pore fluids, and physical properties of the shale calibrated with the resistivity 
readings from wireline logs give evidence that the increase in resistivity is not due entirely to the 
generation of oil, but instead caused by the relationship of pore fluids, porosity, and mineralogy. 
The strongest influence is the amount of carbonate content within the groundmass. Though 
carbonates do not show directly the strongest influence on resistivity, they do exert major 
influence on the amount of porosity, pore fluids and pore fluid wettability, and the percentage of 
clays and siliciclastics. All of these characteristics combined produce the resistivity signature 
that can be seen in the oil producing basal portion of the Tuscaloosa Marine Shale throughout the 
proposed play area. 
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CHAPTER 1 - INTRODUCTION 
 The Tuscaloosa Marine Shale (TMS) in southwestern Mississippi and Louisiana’s Florida 
Parishes has become a target for the exploration for oil as an unconventional shale reservoir. 
Deposition of this shale began approximately 93.5 million years ago near the end of the Upper 
Cretaceous Cenomanian stage during the highstand of a transgressive-regressive system. 
Regionally, the TMS covers the entire Mississippi embayment up to northern Mississippi and 
Tennessee and as far east as Florida and North Carolina. It is composed of dark grey organic-
rich, calcareous marine clay deposits with areas of interbedded fine-grained sands and silts. The 
extent of the current TMS play is from west Louisiana, across southwest Mississippi to the Pearl 
River (Figure 1.1). Interest in the TMS as an unconventional oil play was spurred by the Basin 
Research Institute (BRI) at Louisiana State University. The BRI study evaluated the stratigraphy 
and extent of the TMS and estimated that it could contain a potential reserve of over 7 billion 
barrels of oil equivalent (BBOE) (John et al., 1997). The BRI utilized modern as well as archival 
wireline logs to map the zone of the TMS where oil shows had been previously noted during 
exploration for the conventional oil reservoirs in the Lower Tuscaloosa sands. The primary 
characteristic used to map the potentially productive zone was the increase in resistivity in 
electric logs to 5 Ohmm and greater in sections more than 20 feet thick. Based on research 
conducted by Schmoker and Hester (1990) on the Bakken Shale in North Dakota and the 
Woodford Shale of Oklahoma, the BRI interpreted the cause for these increases in resistivity as 
the generation of oil within this source rock rather than other physical or lithological factors. 
Using an estimate of 50 barrels of oil per acre foot, the BRI researchers estimated that the TMS
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in southwest Mississippi and adjoining Louisiana parishes could contain as much as 7 billion 
barrels of oil equivalent. The current exploration and drilling activity has been spurred by 
success in the chronostratigraphically equivalent Eagle Ford Shale in Texas.
Figure 1.1 – Regional extent and study area of the Tuscaloosa Marine Shale play (modified 
from John et al., 1997).  
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1.1 – Eagle Ford Shale 
The Eagle Ford Shale in south and east Texas is stratigraphically, mineralogically, and 
depositionally analogous to the TMS. The Eagle Ford Shale play has been proven to produce 
economic quantities of oil, dry gas, and gas condensate depending on the location and depth of 
the formation. The development of this unconventional hydrocarbon play began in 2008, when 
Petrohawk Energy Corporation successfully drilled the Dora Martin #1 natural gas well in the 
Hawkville Field, LaSalle County, Texas. As of September, 2014, there have been over 16,000 
wells permitted in the Eagle Ford, producing over 4 billion cubic feet (bcf) of natural gas per 
day, over 230,000 barrels of gas condensate per day, and over 890,000 barrels of oil per day 
(Railroad Commission of Texas, 2014).  
Figure 1.2 – Upper Cretaceous shelf features of the Gulf of Mexico Coastal Plain (modified 
from Surles, 1987; Scott, 1993; Hosman, 1996; Champlin, 1993; Mancini and Puckett, 
2005). 
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The Eagle Ford play area extends from the western edge of the Sabine Uplift into the East 
Texas Basin, and then south-southwest into Mexico along the Cretaceous shelf edge (Figure 1.2). 
Along this margin, it dips rapidly southeast towards the basin from depths of less than 4,000 feet 
to greater than 14,000 feet. The Eagle Ford Formation in the play area ranges in thickness from 
50 feet in the northeast to over 300 feet in the southwest. It also increases in thickness as it 
extends downdip to the southeast.  
Like the TMS, the Eagle Ford was deposited during the Cenomanian-Turonian stages of 
the Late Cretaceous. Concurrent deposition can be chronologically correlated through the 
presence of specific species of planktic foraminifera and calcareous nannofossils. The index 
fossils recognized within the TMS as well as the lower regions of the Eagle Ford represent the 
Rotalipora cushmani-greenhornensis subzone (Pessagno, 1969), providing evidence that at least 
a portion of the deposition of both of these units occurred simultaneously (Pessagno, 1969; 
Mancini et al., 1980). These fossil assemblages are entirely planktic, indicating that bottom 
conditions were dysoxic or anoxic and not suitable for benthic organisms. This lack of dissolved 
oxygen would also provide for increased preservation of organic deposits. The Eagle Ford also 
Figure 1.3 – Depth to hydrocarbon window of TMS and Eagle Ford Shale Plays (modified 
from EIA, 2010; John et al., 1997). 
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shows signs of deposition during a transgressive systems tract and marine high stand similar or 
concurrent to the deposition of the TMS (Mancini, 1980). The Eagle Ford Formation in the East 
Texas Basin typically shows a progradational sediment dispersal patterns indicating deltaic 
deposition with stringer sand bodies transitioning into silts and limestone stratified clays 
indicative of marine deposits as it extends to the south (Dawson, 1997). The Eagle Ford also 
thickens as well as increases in carbonate percentage downdip as it extends into the Eaglefordian 
Basin (Surles, 1987; Dawson, 1997). These carbonate percentages reach levels much higher than 
those seen in the current TMS play, and also allow for larger abundance of interconnected 
fractures. Structurally, the Eagle Ford is different than the TMS, though both were deposited 
along the Mid-Cretaceous shelf margin (Figure 1.2). The depths of drilling in the Eagle Ford 
play have a much larger variability than those of the TMS Play (Figure 1.3). Within the current 
play area for the TMS, the depth of the oil window averages from 10,000 to 14,000 feet (EIA, 
2010). In the Eagle Ford, the oil window ranges from 4,000 feet to 12,000 feet, transitioning into 
gas condensate around 9,000 feet to 14,000 feet, and into dry gas as the play extends downdip 
below 14,000 feet below the land surface. This variation has not been seen as of yet in the TMS. 
With the many similarities between these two units, much can be inferred about the TMS by 
comparing it with the Eagle Ford. 
1.2 – History of Tuscaloosa Group Exploration 
Exploration for oil and gas in the Tuscaloosa Group began in the 1940’s when wildcatters 
first discovered large reserves of oil in the “Stringer Sands” unit of the Lower Tuscaloosa in 
Lincoln and Adams County, Mississippi. In 1943, using seismic and gravity data, two large 
domal sand structures situated over salt diapirs were found containing significant oil reserves in 
what are now the Cranfield field in Adams County and the Brookhaven field in Lincoln County, 
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Mississippi (Figure 1.4) (Gruebel, 1985). This led to additional discoveries in 1944 within the 
Mallalieu field in Lincoln County and the Baxterville field further east in Lamar County, 
Mississippi. The success of these fields was largely due to the influence of the underlying 
shallow salt movement creating structural traps, which is atypical for the Lower Tuscaloosa. The 
bulk of the producing area for lower Tuscaloosa sands lies south of the Mississippi Interior Salt 
Basin, beginning in Adams, Franklin, and Lincoln Counties in southwest Mississippi as well as 
further south and east. After the initial discoveries in Adams, Franklin, Lincoln, and Lamar 
Counties, exploration of Lower Tuscaloosa continued but with limited success, aside from a 
short boom in 1958 with the discoveries of the Little Creek, McComb, and Smithdale fields in 
Lincoln, Pike, and Amite Counties. Limited successful drilling into the lower Tuscaloosa 
continued until the 1980’s, when Shell Oil introduced a seismic stratigraphic method for 
Figure 1.4 – Major fields of the Lower Tuscaloosa and Tuscaloosa Marine Shale in 
southwest Mississippi (modified from MDEQ 2014). 
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delineating sand bodies (Hersch, 1987). This method allowed for the exploration for 
stratigraphically trapped lenticular sand body reservoirs in areas where well control was limited 
or absent altogether. Using this method, exploration of Lower Tuscaloosa increased throughout 
southwest Mississippi and southeast Louisiana to include Wilkinson and Amite Counties as well 
as Louisiana’s Florida Parishes (Berg and Cook, 1968; Hersch, 1987).  
Throughout the exploration of the Lower Tuscaloosa, it was commonly noted that the 
overlying basal portion of the TMS hosted oil and gas at significant pressure. Drillers commonly 
had to increase mud weight from 4,400 psi to 6,200 psi to normalize hydrostatic pressure while 
drilling through the TMS in order to prevent blowouts (Moore, 1976; John, 1997). This pressure 
also caused oil and gas to be released into the drilling mud and into the mud pits. Even with this 
evidence of oil in place, there were no attempts to study or develop the TMS until the 1970’s 
when Alfred C. Moore deduced that the TMS was the actual “source bed” for the majority of the 
oils found within the “Stringer Sands” of the Lower Tuscaloosa. He believed that the oil in these 
reservoirs migrated laterally from the TMS into these bar deposits around structural highs due to 
interconnected fractures within the shale. This secondary permeability along with the abnormally 
high pressures led Moore to believe that commercially producible wells could be completed 
within the shale (Moore, 1976; John et al., 1997).  
Moore made several attempts throughout the 1970’s to produce from the TMS. In 1971, 
he partnered with Sun Oil in order to drill the Sun #1 Spinks well in Section 7 – Township 2N - 
Range 7E, Pike County, Mississippi. This well produced up to 3 barrels of 38° oil per day from 
the TMS, but due to a change in management at the end of drilling, the well was extended 
beyond the TMS and into the Lower Tuscaloosa and the TMS was never hydraulically fractured. 
 8 
 
Soon after the well was plugged and abandoned without ever evaluating the potential for TMS 
production.  
The next two attempts were made was with Callon Petroleum in 1974 and 1975. They 
drilled two wells in Section 37 – Township 1S – Range 7E of Tangipahoa Parish, Louisiana. The 
Callon #1 Cutrer well was drilled in 1974, though it was never hydraulically fractured due to a 
loss of circulation and debris within the hole. It produced around 2 barrels of oil per day until it 
was plugged and abandoned in 1976. The Callon #2 Cutrer well was then drilled in 1975 with 
much more successful results than its predecessor. Using gelled oil as the drilling fluid, diamond 
cores were cut and the basal section was perforated. After mechanical difficulties with fracture 
treatments, the well reached a maximum discharge of 10 barrels per minute before settling into 
an average rate of 3 to 5 barrels of 37° oil per day until it was plugged in 1991. According to 
Moore (1976), the low production rates for this well were due to equipment failures that caused 
the fracture stimulation to never fully achieve the increased permeabilities necessary for higher 
production. 
Moore’s final attempt at producing from the TMS was with Texas Pacific in 1977, with 
the Texas Pacific #1 Blades in Tangipahoa Parish. Though non-commercial, this well has 
produced over 24 thousand barrels of oil (MBO) to date and continues to produce a few barrels 
per day (Moore, 1976; John et al., 1997; Durham, 2013). The #1 Blades, though not of economic 
importance, proved the viability of the TMS by showing that continued production could be 
possible in a low permeability shale formation, even before the invention of directional drilling 
and hydraulic fracturing commonly used today.  
Since the 1970’s, exploration and production has continued in the Lower Tuscaloosa 
throughout Mississippi and into Louisiana and Alabama, but outside of two of failed attempts to 
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produce from the TMS in the 1980’s by Exxon Corporation in Amite County and Amerada Hess 
in Wilkinson County, interest in the TMS remained low. This changed in 1997 when the BRI 
published their study of potential oil reserves in the TMS. They surmised that with horizontal 
drilling and hydraulic fracturing, or “fracking,” techniques not available in the 1970’s, the TMS 
could emerge as a productive unconventional oil play. This garnered interest from multiple 
operators and in 1998, Union Pacific Resources Corporation made the first attempt to produce 
from the TMS utilizing horizontal drilling with the Richland Plantation #5 well in East Feliciana 
Parish, Louisiana. This well consisted of a short (1,100 foot) lateral leg and had an initial 
production rate of 117 barrels of oil per day, producing 4,000 barrels before being shut down 
after a failed salt water treatment. In 2000, Petroquest Energy Incorporated drilled the Lambert 
1H well in Amite County, Mississippi. This well was also not fracked but had original peak rates 
of 400 to 600 barrels of oil per day and is still online, having produced over 11,600 barrels to 
date. In 2007 and 2008, Encore Acquisition Company drilled three producing wells in the TMS, 
though they were not economically successful. The Joe Jackson #4 well was drilled in Amite 
County, Mississippi with a 1,650 foot lateral and three frac stages and has currently produced 
over 28,800 barrels of oil. The second well drilled by Encore was the Richland Plantation #1 
well in East Feliciana Parish, Louisiana. This well was drilled with a 3,100 foot lateral leg with 
three frac stages and showed an initial production of 200 barrels of oil per day. To date, it has 
currently produced over 10,700 barrels of oil. In 2008, Encore drilled the Weyerhaeuser #1 well 
in Saint Helena Parish, Louisiana. This well was drilled with a 4,100 foot lateral leg and three 
frac stages. Its initial production was 323 barrels of oil per day and has currently produced over 
27,000 barrels of oil (Goodrich, 2014; MOGB, 2014).  
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These successes have since led to multiple companies currently exploring and producing 
from the TMS in southwest Mississippi and southeast Louisiana with many wells producing over 
1,000 barrels of oil per day. The first two wells that showed high production rates were attainable 
were Encana’s Anderson 17 H #2 well (producing 1,540 barrels of oil per day), in Amite County, 
Mississippi, and Goodrich’s Crosby 12-H #1 well (producing 1,300 barrels of oil per day), in 
Wilkinson County, Mississippi. The Anderson 17 H #2 well was completed in August of 2013 
with a 5,200 lateral leg containing 23 frac stages. This was followed by the Crosby 12-H #1 well, 
completed in February of 2013, which contains a 6,700 lateral leg with 24 frac stages. This 
configuration of longer lateral legs with a larger number of hydraulic fracture stages began the 
common completion practice for TMS wells currently being drilled (Goodrich, 2014).  
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CHAPTER 2 – GEOLOGY OF THE TUSCALOOSA GROUP 
 The Tuscaloosa Group is named and described from outcrops in northwestern Alabama 
around the city of Tuscaloosa, Alabama. The Tuscaloosa Group was deposited in the Gulf Coast 
region above the mid-Cenomanian unconformity during a worldwide rise in sea level. The 
formation represents a complete transgressive-regressive depositional cycle. Prior to Tuscaloosa 
deposition, the Gulf Coast region underwent a period of uplift and extensive erosion resulting in 
the mid-Cenomanian unconformity, which coincides with a worldwide mid-Cretaceous 
unconformity (Spooner, 1964). Few Lower Cretaceous topographic features survived the mid-
Cretaceous unconformity, excluding some stream valleys and areas uplifted due to salt 
movement. This created a geologic landscape with few complicated structures (Spooner, 1964). 
Surviving Lower Cretaceous topographic features were low in relief (less than 130 feet from 
stream channel to paleohigh), but did influence the basal lower Tuscaloosa Group depositional 
patterns (Spooner, 1964). Regionally the strike of the Tuscaloosa Group parallels the strike of the 
remnant Lower Cretaceous passive coastal margin (Figure 2.1) (Spooner, 1964; Scott, 1993).  
The Tuscaloosa Group is made up of three members. The lower Tuscaloosa was 
deposited following the mid-Cretaceous unconformity in fluvial and deltaic environments. The 
lower unit is overlain by the Tuscaloosa Marine Shale (TMS), which contains marine deposits 
from the inundated phase of the transgressive-regressive cycle. Overlying the TMS is the upper 
Tuscaloosa which was deposited during the regressive phase and is composed of marine to 
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Figure 2.1 – Stylized map of continental shelf magin at boundary of Lower and Upper 
Cretaceous (modified from Scott, 1993) 
Figure 2.2 – Stylized cross-section of Tuscaloosa Group with TMS sediments replacing 
Upper Tuscaloosa sediments in a southern trend (modified from Miranda and Walters, 
1992) 
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Figure 2.3 - Stratigraphy of south Mississippi and east Louisiana (modified from Howe, 
1962). 
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terrestrial deposits. Updip, Tuscaloosa Group increases in thickness of the terrigeneous 
sediments of the Lower and Upper Tuscaloosa thinning of deposition of the marine sediments of 
the TMS. This is further evidence that the Tuscaloosa Group was deposited as sea level 
transgressed then regressed due to the marine facies replacing then being replaced by terrestrial 
facies as the Tuscaloosa Group extends landward away from the basin  (Figure 2.2) (Spooner, 
1964). The Cenomanian lower Tuscaloosa and TMS were deposited at the beginning and into the 
inundated phase of the transgression, followed by the Turonian age Upper Tuscaloosa which was 
deposited during the regressive phase (Spooner, 1964).  
2.1 – Lower Tuscaloosa Member 
 Stratigraphically, the Cenomanian lower Tuscaloosa rests unconformably on the Albian-
aged Dantzler Formation (Figure 2.3). It was formed by the deposition of terrestrial sediments 
from a fluvial-deltaic system that began as a braided stream complex and evolved into a 
meandering stream system as sea level transgressed to the northwest (Karges, 1962; Spooner, 
1964; Berg and Cook, 1968). The northwest direction of sea level transgression can be 
interpreted because sediments of the lower Tuscaloosa were deposited below sediments of age 
equivalent units, such as the Denkman sand, in this direction (Karges, 1962; Spooner, 1964). 
The lower Tuscaloosa is composed of three primary facies. The terrestrial basal unit, 
commonly known as the “Massive Sand” is overlain by the upper deltaic to shallow marine unit 
known as the “Stringer Sand.” The lower Tuscaloosa is capped by a thin marine bar unit known 
as the “Pilot Sand,” which grades conformably into the Tuscaloosa Marine Shale. 
 The “Massive Sand” facies ranges from 0-250 feet in thickness, with thickness increasing 
downdip. It is composed of highly porous and permeable, coarse- to medium-grained quartz 
arenites with minimal interbedded shales and conglomerates (Spooner, 1964). Overall clay 
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content is low or may be absent altogether. Deposition of the “Massive Sand” represent channel 
and point bar deposits in a fluvial-deltaic system. Interpretation of the deposition of the “Massive 
Sand” was based on analysis of core from the Mallalieu Field, Lincoln County, Mississippi by 
Berg and Cook (1968). This study noted two distinct types of fluvial deposits within the 
“Massive Sand” region; the channel sandstones, which occur as thin lenticular bodies; and point 
bar sandstones, which tend to be thicker, more continuous sand bodies that are abruptly 
terminated by shale filled channels (Berg and Cook, 1968).  
 The “Stringer Sand” facies is composed of interbedded sandstones within shales 
transitioning from meandering fluvial deposition of the region ascribed to the “Massive Sand” to 
near shore marginal marine deposition. The pattern of these sand bodies suggest that these were 
deposited in stream channels meandering across a mud flat at or close to sea level (Karges, 
1962). The “Stringer Sand” facies is composed of medium- to fine-grained sands, silts, and clays 
and can range from tight to porous and permeable, containing varying percentages of micas, 
carbonates, ash, glauconite, and organic carbon (Spooner, 1964). The “Stringer Sands” tend to be 
lenticular in nature, varying in thickness from inches to over 300 feet, which supports a marine 
bar depositional environment. Signs of bioturbation, interbedded shell fragments, and cross-
bedding with differing orientations in cored “Stringer Sand” intervals also are evidence of a 
marine bar deposition. The “Stringer Sands” are characteristic of a fluvial-deltaic system 
prograding onto an intertidal-deltaic system (Karges, 1962). 
 The “Stringer Sands” are overlain by a thin, silty sandstone commonly termed the “Pilot 
Sand.” The “Pilot Sand” occurs as a barrier between the lower Tuscaloosa sands and silts and the 
clays of the TMS. Deposited as a marine bar, the “Pilot Sand” consists of 0 to 150 feet of 
massive, dark brown to greenish-grey, friable, micaceous, medium- to very fine-grained, quartz 
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wacke encompassed by a fining upward sequence. The upper portion of the “Pilot Sand” may be 
oil saturated and capped by a very thin, silty oyster packstone (Mancini et al., 1980; Mancini et 
al. 1987). 
2.2 – Tuscaloosa Marine Shale Member 
 The Cenomanian-Turonian age TMS conformably overlies the “Pilot Sands” of the lower 
Tuscaloosa unit. It consists of dark grey, silty, micaceous, fossiliferous, glauconitic, calcareous 
claystone interbedded with calcareous siltstone and very fine-grained sandstone (Miranda and 
Walters, 1992). The TMS ranges in thickness from 0 to 530 feet, and thickens downdip (Figure 
2.2) to the south as it replaces deposition of the terrestrial sands of the upper Tuscaloosa (Howe, 
1962; Spooner, 1964). The percentage of carbonate constituents within the TMS decreases 
upward gradually from the basal section at the same time as finer clay minerals increase due to 
deeper marine deposition. The upper regions of the TMS show little to no carbonate content and 
are composed almost entirely of deep water marine clay, transitioning into the silts and sands of 
the upper Tuscaloosa. Evidence of open marine deposition includes marine invertebrate fossils, 
pelagic microfossils, and an increased carbonate content within the basal section of the TMS 
(Mancini, 1980). Marine macrofossils common within the TMS include ammonite species 
common in open marine shelf environments, inoceramids, and other species of marine bivalves 
and gastropods (Mancini, 1980). Calcareous microfossils are abundant throughout the marine 
shale. Planktonic foraminifera and other microfossils were recognized to be equivalent to index 
fossils found within the lower part of the Eagle Ford Group in central and north-central Texas, 
and are evidence of concurrent open-marine shelf deposition (Pessagno, 1969; Mancini et al., 
1980; Mancini et al., 1987).  
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2.3 – Upper Tuscaloosa Member 
 The sediments of the upper Tuscaloosa member of the Tuscaloosa Group were deposited 
on a marine shelf to marginal marine environment during the regressive interval (Spooner, 
1964). It consists of a varying mixture of lenticular multicolored terrigeneous sands interbedded 
with silts and shales. The sands are very fine- to coarse-grained, porous to tight, and can range 
from less than one foot to 400 feet thick (Spooner, 1964). It is often difficult to distinguish the 
upper Tuscaloosa member from the overlying Eutaw Formation because of similar lithology, 
though the contact is unconformable. In Mississippi and Louisiana, the depositional hiatus 
between these two units is minimal to possibly nonexistent (Howe, 1962; Spooner, 1964; 
Mancini and Puckett, 2005). 
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CHAPTER 3 – BACKGROUND 
 Since the beginning of exploration of the Tuscaloosa Group, wireline logs have been 
utilized to analyze and map the subsurface strata. It was noticed early on by geoscientists that 
directly above the targeted “Pilot Sands” and “Stringer Sands,” the basal portion of the TMS was 
characterized by a section of increased resistivity. This log signature was commonly used as a 
marker bed since it is characterized by an easily identifiable section of resistivity higher than the 
upper sections of the TMS. This high resistivity zone ends with a drastic drop in resistivity 
typically occurring in conjunction with a sharp decrease in spontaneous potential or gamma 
readings due to the presence of the sand lenses (Figure 3.1).  
Alfred Moore observed that this increase in resistivity also appeared to coincide with the 
oil rich basal region of the TMS (Moore, 1976). Utilizing the limited data available from just 
over 400 existing Lower Tuscaloosa wells, Moore estimated that the TMS could host between 50 
to 75 billion barrels of oil (Moore, 1976). Moore’s work formed the basis of the BRI research 
that utilized modern as well as archival resistivity logs and the estimated the reserves of the TMS 
at 7 billion barrels of oil (John et al., 1997). Both calculations rely on the thickness of the 
interval of oil saturation as defined by the zone of increased resistivity. Moore observed that 
there appeared to be a relationship with the decrease in resistivity and the transition into the 
“barren” shale (Moore, 1976). The BRI cited work conducted on the Bakken Shale and the 
Woodford Shale (Schmoker and Hester, 1990) to interpret that this increase was an indication of 
oil generation and not due to a change in physical or mineralogical properties of the groundmass 
 19 
 
Figure 3.1 – Type log of the Tuscaloosa Marine Shale section from the Samedan Oil 
Corporation, Annie Mae Bean #1, Amite County, Mississippi (from the MMRI Ridgway 
Well Log Collection). 
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(John et al., 1997). In the case of both the Bakken and the Woodford Shales, the onset of 
observable oil was not prevalent until the resistivity reached 35 Ohmm (Schmoker and Hester, 
1990). In the TMS the high resistivity zone averages between 7 to 14 Ohmm and rarely exceed 
20 Ohmm. Schmoker and Hester (1990) also noted that in order to determine oil generation from 
increases in resistivity due to rock properties, other properties such as framework mineralogy, 
porosity, tortuosity, and water salinity need to be taken into account. In the cases of the Bakken 
and Woodford Shales, the rock property effects on resistivity were not strong enough to mask the 
resistivity increase from oil generation (Schmoker and Hester, 1990). Increases in resistivity at 
levels found in the Bakken do not occur within the TMS study area. The increase in resistivity in 
the TMS is likely a function of lithology, mineralogy, and porosity along with hydrocarbon 
generation, rather than just a function of oil generation alone.  
Companies are actively pursuing the development of the TMS in southwest Mississippi 
and southeast Louisiana. These companies use this higher resistivity zone as a target for 
exploration. While the formation and saturation of hydrocarbons is a likely factor for increased 
resistivity of the basal portion of the TMS, multiple other factors can also be influential in 
creating this signature. By investigating the mineralogical and petrophysical properties of the 
shale along with its hydrocarbon potential, the characteristics that influence the increase in 
resistivity may be better understood along with their relationship to producible oil. This could 
lead to more accurate exploration within the TMS.  
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CHAPTER 4 – OBJECTIVE AND METHODS 
Extending the research of Alfred Moore and the BRI, an analysis of the factors that 
influence the increase in resistivity of the basal portion of the TMS was conducted. With current 
exploration focusing on this electric log signature as an indicator of the producibility of TMS 
wells as well as a calibrator for target depth, it is important to fully understand the factors that 
cause this increase in resistivity alongside their relationship with the possible hydrocarbon 
potential of the TMS. By conducting a thorough analysis of mineralogy, rock properties, TOC 
and hydrocarbon content alongside calibrated downhole resistivity measurements, the interaction 
between these properties and resistivity can be better understood allowing for more precise and 
economical oil exploration in the TMS. 
To determine what factors show the greatest influence on the resistivity of the TMS, well 
log and whole core analysis was conducted. Over 1,100 well logs penetrating the lower 
Tuscaloosa from Wilkinson, Amite, and Pike Counties in Mississippi were analyzed. This three 
county study area was chosen because of the excellent well control for the TMS through 
exploration of the lower Tuscaloosa Pilot and Stringer sands. These were available from the 
archival Mississippi well logs within the Mississippi Mineral Resources Institute’s (MMRI) 
Julius Ridgway Collection. This area is also part of the active exploration and drilling for oil in 
the TMS and in the proposed producible zone as defined by the BRI. Geologic data was obtained 
from the analysis of conventional core from three wells currently producing within the TMS. 
These wells, supplied by Goodrich Petroleum Corporation, are the Crosby 12 H #1 in Wilkinson 
County, Mississippi, and the Beech Grove Land Company 68 H-1 and Lane 64-1 in East 
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Feliciana Parish, Louisiana (Figure 4.1). The locations of these wells are applicable to this study 
due to the dip. X-ray diffraction (XRD), TOC analysis and Rock-Eval pyrolysis, tight rock 
petrophysical analysis, and thin section analysis were conducted on samples from these cores in 
order to quantify the mineralogical and petrophysical properties of the high resistivity region of 
the TMS. These data and resistivity measurements from the well logs were combined to run tests 
for single and multiple linear regressions in order to determine which properties may contribute 
the largest influence on resistivity as well as TOC and hydrocarbon saturation.  
 
4.1 – Mapping of the Tuscaloosa Group 
In order to map the subsurface structure of the Lower Tuscaloosa, the TMS, and its high 
resistivity zone, analysis of petrophysical logs available for the study area was conducted. After 
Figure 4.1 – Location of wells with whole core recovery of the high resistivity zone of the 
TMS (data supplied by Goodrich Petroleum Corporation). 
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analysis and interpretation of over 1,100 well logs was conducted, 880 wells were selected to use 
for stratigraphic data to map the subsurface structure of the Tuscaloosa Group members. 
The type log chosen for the comparison of log signatures within the study area was the 
Samedan Oil Corporation, Annie Mae Bean #1 (Figure 3.1) in Amite County, Mississippi. This 
well was chosen for comparison due its close proximity to the Anderson 17 H #2 well, which at 
the time was producing at the highest rates achieved from the TMS (1,540 BOE/D). Another 
reason for the selection of the Annie Mae Bean #1 well was its location close to the middle of the 
TMS play area and the depth of the Tuscaloosa Group in the type well was in the median range 
of wells studied. The depth of the top of the Lower Tuscaloosa member in the Annie Mae Bean 
well (12,100 feet from ground level) is deeper than wells drilled in northeast Pike County 
(10,100 feet from ground level) and shallower than wells drilled in southwest Wilkinson County 
(13,500 feet from ground level).  
To delineate the different units of the Tuscaloosa Group, scout cards were analyzed 
during the initial examination of Lower Tuscaloosa well logs to determine the characteristic 
signature of each stratigraphic unit in the region as classified by the original well geoscientist. 
Depths of the stratigraphic units from each well log were recorded and input into Rockworks 
mapping software. Stratigraphic depths recorded included the; base of the Selma Formation and 
the top of the Eutaw, top of the upper Tuscaloosa, top of the TMS, top of the zone of high 
resistivity at the base of the TMS, and top of the lower Tuscaloosa member. The Selma 
Formation was used as a marker bed due to a highly distinctive extended thickness of extremely 
low resistivity caused by the presence of chalk. The Selma Formation overlies unconformably 
the top of the Eutaw Formation, where there is a sharp increase in resistivity. The Eutaw 
Formation is characterized by two very gradual increases and decreases in resistivity. It is often 
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difficult to distinguish the base of the Eutaw from the highly variable upper Tuscaloosa member 
of the Tuscaloosa Group due to similar lithology. The contact for the Eutaw Formation and the 
upper Tuscaloosa is discernable by a series of sharp drops in SP with variable magnitudes that 
indicate the top of the upper Tuscaloosa, while the Eutaw typically has a stable high SP reading. 
The upper Tuscaloosa is composed of varying mixtures of lenticular sands, silts, and shales, and 
is distinguishable on logs by large spikes and drops along the SP curve occurring in congruence 
with a wide range of fluctuating resistivities much higher than those common in the upper 
“barren” portion of the TMS. The top of the TMS was defined by the winnowing out of these 
chaotic fluctuations into a very flat, high SP curve occurring as resistivity stabilized at a low 
range averaging 1 to 3 Ohmm with few occasional spikes exceeding 6 Ohmm. The high 
resistivity zone was defined by the BRI as having resistivity of 5 Ohmm or more or a dramatic 
increase in resistivity greater than 3.5 Ohmm occurring in sections where these increased 
resistivities were not separated by more than 20 feet (John et al., 1997). Since wells in 
Mississippi occasionally contain spikes in resistivity up to and above 5 Ohmm well before 
reaching the target basal region, a 6 Ohmm cutoff was applied for this study in order to obtain a 
tighter control over the target zone. The high resistivity zone in Mississippi is characterized as a 
slow to moderate continuous rise in resistivity that typically contains a large trough just before 
reaching the period of highest sustained resistivity. This is followed by a drastic drop in 
resistivity occurring immediately below the first negative SP deflection which marks the “Pilot 
Sand” at the top of the lower Tuscaloosa.  
These log signatures show a range in thickness and magnitude throughout the study area, 
but the overall signature of the TMS and Lower Tuscaloosa is readily distinguishable in all of the 
wells utilized in this study. With the interpretation of the boundaries of these units, a series of 
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structure and isopach maps were created in order to evaluate whether or not the paleotopography 
influenced the thickness of the zone of increased resistivity (Figures 5.1 – 5.4).  
 
4.2 – Laboratory Analysis of Core 
The mineralogical and petrophysical properties of the high resistivity section from the 
three conventionally cored wells were analyzed by Core Laboratories, Inc. and Schlumberger 
TerraTek Laboratories using XRD, Rock-Eval and Leco TOC analysis, tight rock petrophysical 
analysis, and thin section petrographic analysis. The Crosby 12 H #1 core was analyzed by Core 
Laboratories, Inc. using a 5 foot sampling interval. The Beech Grove Land Company 68 H-1 and 
the Lane 64-1 were analyzed by Schlumberger TerraTek Laboratories using a predominantly 5 
foot average sampling interval as well, but with other samples taken at intervals with a noticeable 
change in core composition.  
 
4.2.1 – X-ray Diffraction Analysis 
X-ray diffraction (XRD) analysis was conducted in order to determine mineralogy. To 
conduct this examination, representative samples were selected and ground into a powder using a 
micronizing mill and then loaded into aluminum sample holders. These samples were then 
analyzed using an X-ray diffractometer with the results interpreted using software that identifies 
the mineralogy based on peak profile fitting and whole pattern fitting methods. For analysis of 
clay mineral percentages, samples were crushed to less than 4 microns in size. These samples are 
then decanted and centrifuged, then solidified with acetone on slides and allowed to air dry along 
with vapor glycolation treatments. This allows for the identification of the clay minerals as well 
as their approximate weight percentages (TerraTek, 2014).  
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4.2.2 – Leco TOC and Rock-Eval Pyrolysis Analysis 
Leco TOC analysis and Rock-Eval pyrolysis were conducted on samples from the cored 
wells to analyze the total organic carbon (TOC) content, hydrocarbon saturation, and 
hydrocarbon generation potential. TOC content consists of three components, extractable organic 
matter (EOM), convertible carbon, and residual carbon. The carbon in EOM consists of the 
carbon contained within already generated oil and gas known as free hydrocarbons. Convertible 
carbon and residual carbon represent the carbon contained within kerogen. Convertible carbon 
represents the remaining hydrocarbon potential of a kerogen. The carbon in kerogen without 
hydrocarbon potential due to a lack of hydrogen is known as residual carbon (Jarvie, 1991).  
In order to determine the amount of TOC in the core samples, Leco TOC direct 
combustion analysis was used. In this method, approximately 1 g of pulverized sample is treated 
with concentrated HCl in order to remove all carbonates, then it is carefully weighed and vacuum 
filtered onto glass fiber paper. Next it is placed into a ceramic crucible, dried, and combusted at 
about 1,000°C with pure oxygen using a Leco Carbon Analyzer, which is calibrated using a steel 
standard of known carbon content. Carbon within the sample is then oxidized to CO2 and 
detected using an infrared or thermal conductivity detector (Jarvie, 1991).  
To determine the characteristics of the kerogen in a sample, Rock-Eval pyrolysis is 
conducted (Figure 4.2). This determines the kerogen type, maturity, and the amount of free 
hydrocarbons within a sample. The ground sample that was also used for Leco TOC analysis is 
used for Rock-Eval pyrolysis. Approximately 100 mg is weighed in a pyrolysis crucible and then 
heated in an inert environment to 300°C in order to determine the amount of free hydrocarbons 
(EOM), designated as S1, that are thermally distilled. This gives an estimate of the amount of oil 
already generated within the rock. The temperature is then increased to 550°C at a continuous 
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Figure 4.2 – Process of Rock-Eval Pyrolysis (modified from chart provided by Terratek 
Labs, 2014). 
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rate of 25°C/minute in order to measure the amount of pyrolyzable hydrocarbons (convertible 
carbons), designated as S2. This is an indication of the amount of hydrocarbons that may 
potentially be produced should burial and saturation continue (Jarvie, 1991; TerraTek, 2014). 
The ratio of S2 to TOC is the hydrogen index, which gives a measure of the organic richness of a 
source rock. It can be used to measure the thermal maturity as well as the potential for oil 
generation. The point of maximum release of hydrocarbons during pyrolysis is known as the 
Tmax, which is an indication of maturity and occurs at the top of the second peak during S2 
generation. CO2 produced up to temperatures of 390°C is designated as S3. The ratio of S3 to 
TOC is known as the oxygen index since this residual carbon indicates the amount of oxygen 
present within the kerogen. (Jarvie, 1991; TerraTek, 2014).  
 
4.2.3 – Tight Rock Petrophysical Analysis 
Petrophysical analysis was conducted by Core Labs and TerraTek Labs on samples using 
a retort distillation method to determine pore fluid saturation, grain density, and porosity. In this 
method, a representative sample is weighed and measured to determine its bulk volume and 
density. It is then crushed and sieved until a workable amount is in the proper size range. It is 
then weighed again in order to determine the partial grain volume using Boyle’s Law Technique. 
Boyle’s Law states that the pressure of a gas is inversely proportional to the volume of its 
container. This technique is used to determine the gas filled pore space by subtracting the partial 
grain volume from the bulk volume. The sample is then placed inside a retort vessel (Figure 4.3), 
which is a cylindrical metal canister with a screw cap on top and a hollow stem coming out of 
the bottom. The top is then sealed and the temperature is raised to a level where interstitial water 
within the sample is vaporized and recovered after passing through a condenser. After water 
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collection ceases, the temperature is increased to 1,200°F (650°C), where vaporization and 
distillation of oil and any remaining condensates begins to occur. Once these have been fully 
removed, a final temperature increase is conducted in order to remove any remaining fluids, such 
as bound water and any interstitial oil or cracked hydrocarbons from kerogen (Shokir, 1999; 
TerraTek, 2014).  
 
4.3 – Thin Section Analysis 
Along with XRD to quantify the mineralogical content of the samples, thin sections were 
also made in order to qualitatively study the mineralogy, petrology, paleontology, structure, and 
fabric of the TMS sediments. To do so, end trims from the retort biscuits were saturated with a 
low-viscosity red dyed epoxy resin in a vacuum. This was done in order to enhance the visual 
Figure 4.3 – Diagram of a retort distillation aparatus used in determining porosity, grain 
density, and fluid saturation of a sample (modified from Shokir, 1999). 
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characteristics of porosity types within the samples. The samples are then cut into a plug 
perpendicular to bedding planes. The plug is then mounted onto a glass slide and then ground to 
a 30 micron thickness. For this study, Core Laboratories provided the actual thin sections created 
from the Crosby 12-H #1 core, which were analyzed using a petrographic microscope with 4x, 
10x, 40x, and 60x objective lenses. The thin sections from the Beech Grove Land Company 68 
H-1 and the Lane 64-1 were analyzed by TerraTek labs using plane-polarized and reflected 
ultraviolet light using a Nikon polarizing binocular microscope. Images were then analyzed 
using a petrographic image analysis software and provided as part of the core analysis report 
(TerraTek, 2014).  
 
4.4 – Wireline Well Log Analysis 
 In sedimentary rocks, electrical resistivity depends upon multiple factors which include 
clay content, porosity, dissolved mineral content, and water saturation. Clays tend to be 
electrically conductive since they can carry an electrostatic charge along their crystal surface. 
The amount of conductivity/resistivity of a clay is heavily dependent on the fluid adhering to this 
surface. If a clay is saturated in oil, it is likely to register moderate to very high resistivities as in 
the case of the Bakken and Woodford Shales (Schmoker and Hester, 1991). If the clay has a 
higher water saturation, the sediments are typically conductive, which may result in the low 
levels of resistivity within the TMS. This is supported by the high water saturation in the pore 
spaces from the core analysis. Sands, conglomerates, and carbonates tend to be much more 
resistive than clays (Figure 4.4). When sands and carbonates are increasingly intermixed with 
clays, as in the TMS, the siliciclastic and carbonate sediments will cause an increase in electrical 
resistivity due to their non-conductive nature (Palacky, 1987). 
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 Another mineralogical factor that would influence resistivity of groundmass is the 
wettability of the framework grains. Wettability describes the preference of a mineral to be in 
contact with one specific type of fluid over another fluid due to surface charge (Abdallah et al., 
2007). If a mineral has a wettability preference for oil, such as calcite, then water saturating this 
mineral will be displaced by oil. If a mineral has a wettability preference for water, such as 
quartz, then oil would be displaced (Table 4.1). The wettability preference can increase the 
average resistivity of oil wet strata as well as decrease the resistivity of water-wet strata by 
influencing the pore fluid in the pore throats. In a heterogeneous mass, it is also possible to have 
a mixture of water-wet and oil-wet minerals. Typically, a rock mass will begin deposition as 
water-wet. As oil migrates or is generated within a unit, the oil may displace the pore water by 
attaching to minerals with a preference for being oil wet. Those minerals that may have an oil-
wet preference but do not come into contact with migrating oil would remain water-wet. 
Temperature and pressure can also play a role in the preferred wettability of a groundmass. As 
Figure 4.4 – Common range of resistivities of earth minerals (modified from Palacky, 
1987). 
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temperature and/or pressure increases, minerals that would typically prefer to be water-wet are 
likely to fluctuate to an oil-wet preference (Barclay and Worden, 2009). 
Resistivity measurements for the core samples were taken from the wireline logs which 
were recorded in-situ. In order analyze these readings in conjunction with core data from the 
same interval, the logger’s depth recorded on the wireline log had to be calibrated with the 
driller’s depth recorded for the core. Driller’s depth is calculated by tracking the length of each 
drill string as it is sent downhole, it does not however account for the amount of stretch that 
occurs as the string is extended deeper into the strata. Logger’s depth is a much more accurate 
gauge of true depth since the wireline log is calibrated to account for the errors due to line 
stretch. To correct for this problem, a core-to-log shift was calculated by matching gamma 
measurements taken as part of the core analysis to those recorded by the wireline log. The 
average shift between driller’s depth and logger’s depth was between 15 to 20 feet. Another 
possible source of error is that resistivity measurements can be influenced by the drilling mud. 
To minimize this, deep resistivity measurements taken from the AF90 array were used to 
quantify the resistivity 90 inches into the formation at the calibrated depths. 
 
Oil-wet Minerals Water-wet Minerals 
Calcite Quartz 
Dolomite Illite 
Fe-rich Smectite Kaolinite single crystals 
Weathered Feldspar Unweathered Feldspar 
Fe-rich Chlorite  
Error! No text of specified style in document.. 
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4.5 – MATLAB Quantitative Analysis 
 In order to determine the characteristics of the basal portion of the TMS that exert the 
strongest influence over resistivity as well as hydrocarbon potential, the quantitative data were 
combined and analyzed using MATLAB to create a matrix of both single and multiple linear 
regression models (Appendix A and B). In order to create and analyze single linear regressions, a 
correlation matrix was created of the Pearson’s correlation coefficients (r), which is the 
covariance of two variables divided by the product of their standard deviations (Davis, 2002). 
This included all data obtained from the XRD, TOC and Rock-Eval pyrolysis analysis, 
petrophysical analysis, and the calibrated resistivity measurements plotted against themselves. 
These correlation coefficients are a measure of the strength of the linear relationship between 
two variables, stated as values ranging between +1 and -1. Zero values indicate that there is no 
linear regression between the two variables. A value of +1 indicates a perfect linear relationship 
between the two variables. As one variable increases in value, the other variable will increase in 
its value in an exact linear relationship. A -1.0 value indicates a perfect negative linear 
relationship between the two variables. As one variable increases in its values, the other variable 
will decrease in its value in a linear fashion. Values ranging from 0 to +0.3 or 0 to -0.3 indicate a 
very weak linear relationship though may be entirely coincidental. If the correlation coefficient is 
between +0.3 to +0.7 or -0.3 to -0.7, then there is a moderate linear relationship with a firm 
linear rule. Any values between +0.7 and +1 or -0.7 and -1.0 indicate a strong linear relationship 
due to a very firm linear rule (Davis, 2002; Zachos, 2014).  
 A multiple linear regression analysis is used when the dependent variable is influenced 
by the interaction of multiple variables working in congruence rather than a single motivating 
factor. Instead of a 2-dimensional analysis as with single linear regressions, with a multiple 
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linear regression the dependent variable is analyzed as a planar slope with each independent 
variable contained within multiple planes. This method also allows for these variables to be 
modeled alongside the actual dependent variable to compare the results. Quantitative values 
obtained from this analysis are contained within an ANOVA (analysis of variance) table created 
to determine the validity and degree of influence each independent variable has over the 
dependent variable. The ANOVA table also contains the probability of not rejecting the null 
hypothesis. The null hypothesis for a multiple linear regression analysis is that all of the 
regression coefficients are 0. A very low probability of not rejecting the null hypothesis gives a 
very high confidence level that the analysis of the regression is valid. The probability value (p-
value) is used to determine the significance of variables to the regression. If a variable has a very 
low p-value (<0.05), then it can be inferred that changes in this independent variable will elicit 
response changes in the dependent variable. The F-test is the ratio of the two mean square values. 
If the F-test value is close to 1.0, then it is likely that the null hypothesis is true. The larger the F-
test value, the more likely that the variation among group means is more than likely not 
randomly occurring (Davis, 2002; Zachos, 2014).  
 These statistical analyses do not necessarily prove the causes for the fluctuation in 
resistivity in the basal portion of the TMS, but they do provide evidence of the correlation 
between factors that are the most likely to influence this increase. Using the data from log and 
laboratory analysis to create a multiple linear regression, it is possible to discern the 
characteristics that exert the most influence over resistivity within the shale. By looking at the 
amount of influence these characteristics exert over each other using a singular regression, along 
with visual and petrographic examinations, the geological controls that are the primary 
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motivation for this signature can be analyzed, as well as how strongly they may influence the 
hydrocarbon potential of the interval studied. 
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CHAPTER 5 – RESULTS AND DISCUSSION 
Analysis of resistivity logs throughout Wilkinson, Amite, and Pike Counties in 
Mississippi show that the characteristic higher resistivity zone of the basal portion of the TMS 
has minimal variation in signature throughout the region. The transitional increase to a rounded 
peak at the base of the TMS can be easily discerned throughout the study area. This is due to the 
resistive factors being primarily sedimentological and mineralogical in nature and not caused by 
isolated occurrences. This is apparent due to the regional similarity of the characteristic high 
resistivity signature along with an increase in thickness of this zone downdip of Lower 
Tuscaloosa member coastal margins, most likely due to accumulation of more calcareous marine 
sediments occurring in conjunction with declining deposits of terrestrial siliciclastics.
Figure 5.1 –  Top of basal TMS 6 Ohm-m resistivity contours overlaying lower Tuscaloosa 
member structure map. 
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Figure 5.2 – Lower Tuscaloosa member structure contour map. 
Figure 5.3 – Tuscaloosa Marine Shale high resisistivity zone (>6 Ohmm) structure contour 
map. 
Figure 5.4 – Tuscaloosa Marine Shale structure contour map. 
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Structurally, the top of the high resistivity unit mirrors closely that of the Lower 
Tuscaloosa except in northeast Pike County, Mississippi (Figure 5.1). In this area, the evolution 
of the paleogeomorphology from the Lower Tuscaloosa to the top of the TMS resembles the 
growth of a bird’s foot delta followed by the infilling of these paleochannels that likely occurred 
from an influx of terrestrial sediments as sea level transgressed (Figures 5.2-5.4). As sediment 
accumulated from these deltas and splay deposits, the deposition of more resistive sediments was 
rapidly overwhelmed by less resistive terrestrial clays and fine-grained siliciclastics, confining 
the growth of more resistive carbonates to deeper water (Figure 5.5). Here, carbonate deposition 
was less impeded due to more favorable sedimentation conditions occurring alongside the 
deposition of finer clay minerals.  
 
5.1 – Analysis of Study Wells 
In the three wells analyzed using core analysis, there is a distinct increase in thickness 
and magnitude of the high resistivity zone downdip, starting from the Crosby 12-H #1 well in 
Wilkinson County, Mississippi and continuing deeper through the Beech Grove 68 H-1 to the 
Lane 64-1 wells in East Feliciana Parish, Louisiana (Figure 5.6-5.8). The increase in 
Figure 5.5 – Isopach map of Tuscaloosa Marine Shale high resistivity zone (>6 Ohmm). 
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thickness of the high resistivity zone occurs in conjunction with the TMS member thickening as 
it extends south. The increase in magnitude of resistivity is due to increasingly resistive materials 
contained in this zone, which could be either an increase in carbonates as well as an increase 
electrically resistive pore fluids. Comparisons of mineralogy to porosity in the study wells shows 
that as carbonates increase, porosity decreases (Figure 5.9, Appendix C). This is caused by a  
Figure 5.6 – Electric log reading for the high resistivity basal portion of the TMS, Crosby 
12-H #1 well, Wilkinson County, Mississippi. 
Figure 5.7 – Electric log reading for the high resistivity basal portion of the TMS, Beech 
Grove 68 H-1 well, East Feliciana Parish, Louisiana. 
Figure 5.8 – Electric log for the high resistivity basal portion of the TMS, Lane 64-1 well, 
East Feliciana Parish, Louisiana. 
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micritic infilling of available pore spaces as seen in thin section analysis. It can also be observed 
that as carbonates increase, oil saturation increases alongside a drastic decrease in water 
saturation, making the wettability of the unit trend towards more oil-wet as the TMS extends 
downdip away from the coastal margins. The opposite of this trend occurs with increasing clay 
Figure 5.9 – Relationship of percentage of carbonates to porosity and pore fluid abundance 
in the high resistivity basal region of the TMS, Beech Grove 68 H-1 well, East Feliciana 
Parish, Louisiana. 
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abundance. As the percentage of clays increase, there is an increase in porosity and water 
saturation increases (Figure 5.9, Appendix C). 
This trend is evidence that basinward resistivity of the basal portion of the TMS increases 
as terrigeneous sediments decrease. This supports the likelihood that resistivity is closely related 
to the deposition of higher percentages of carbonates and lower terrestrial siliciclastics.  
 
5.1.1– Whole Core Analysis 
During initial analysis of core from Goodrich’s Crosby12-H #1 well, it was noted that 
though finer-sized clay minerals constituted the vast bulk of the TMS core, there appeared to be 
an increase in the percentage of carbonate content progressing downhole. This was determined 
from reactions to HCl that show an average increase in reactivity further towards the base of the 
TMS. The color of the core also transitioned from dark to light grey downhole with a mottled 
appearance becoming more common. Though carbonate percentages do show an observable 
increase, the reaction to HCl was not continuous throughout the core. Some depths of core show 
little to no reaction at all even when adjacent to areas of high reactivity. This was verified by 
laboratory analysis of core samples from the three study wells. Carbonate percentages from 
tested samples showed a wide range of fluctuations throughout each of these cores, ranging in 
volume from 0% to 81% of the total groundmass with an average value of 17% (Appendix A). 
Petrographic analysis of thin sections provided an explanation for the fluctuations in carbonate 
reactions to HCl. Areas exerting strong reaction to HCl tend to have a large mix of carbonates in 
different forms ranging from calcareous microfossils, micritic cements, and some larger 
carbonate grains (Figures 5.10 - 5.11).  
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While evidence of carbonates could be found in most regions the percentages ranged 
from sparse to highly packed biomicrite and lime carbonate mud matrix. These zones of  
40x with Crossed Polarizers 
100x with Uncrossed Polarizers 100x with Crossed Polarizers 
Figure 5.10 – Carbonate abundance at 12,142 foot depth as seen in 40x and 100x 
magnification from the Crosby 12-H #1 well, Wilkinson County, Mississippi. 
Figure 5.11 – Calcareous foraminifera and larger carbonate grains held within clay and 
micrite matrix, 12,107 foot depth, Crosby 12-H #1 well, Wilkinson County, Mississippi. 
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increased carbonate percentages appear to be a major factor in the increases in resistivity due to 
their naturally electrically resistive nature, their tendency towards being oil-wet, as well as the 
diminished porosity within the shale. 
 
5.3 – Statistical Analysis of TMS Data 
In order to statistically correlate the influence of the physical and mineralogical 
properties exert on the resistivity within the TMS, quantitative analyses was conducted using the 
results of the core analysis and the calibrated electrical resistivity readings using MATLAB. 
Singular and multiple regressions were constructed to evaluate the strength each characteristic 
influences one another (Appendix B). Initial analysis using a singular regression showed no 
single characteristic presented a strong linear correlation to resistivity (greater than +0.7 or less 
than -0.7) (Table 5.1). Occurrences of pyrite in the Crosby 12-H #1 well showed the strongest 
single linear regression with resistivity (0.625), but even though pyrite could account for some 
CROSBY 12-H #1 BEECH GROVE 68 H-1 LANE 64-1
Total Porosity (%BV) 0.30678782 -0.37095692 -0.367819448
Water Saturation (%PV) 0.263411787 -0.34409148 0.0866948
Porosity x Water Saturation (%BV) 0.35288917 -0.411164037 -0.25389858
Oil Saturation (%PV) -0.025082308 0.42098087 -0.273775374
Porosity x Oil Saturation (%BV) 0.137500285 0.282419281 -0.473367104
Siliciclastics (%GM) -0.4155043 -0.243638504 -0.081347626
Carbonates (%GM) -0.083292191 0.444691003 0.308209514
Clays (%GM) 0.49372403 -0.385817779 -0.279154605
TOC 0.384219805 -0.007049482 -0.007124371
Single Linear Regression of Deep Electrical Resistivity (AF90)
Table 5.1 – Single linear regressions of primary components of mineralogy and porosity to 
electrical resistivity of the high resistivity zone of the TMS in study wells. 
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increases in resistivity due to its abilities as a natural semiconductor, the disseminated amounts 
recorded within the sample intervals are not enough for it to be the primary influence. Since the 
results of the singular linear regressions did not show any strong correlations, it is likely that the 
interaction of multiple variables may be the cause for the increase in resistivity in the TMS. In 
order to determine which characteristics were the most influential on formation resistivity, a 
multiple linear regression analysis was conducted on the results from the cores (Appendix B). 
Using the results from the multiple linear regression, a modeled resistivity was created and 
compared to the actual resistivity plot in order to analyze the amount of deviation. The primary 
variables utilized were the primary constituents of the groundmass and porosity. Rather than 
focus on individual mineral percentage, the mineralogical components were grouped as 
siliciclastics, carbonates, and clays. The other accessory minerals were not included in the 
analysis to keep the data matrices from being singular. Porosity was modeled using pore fluids, 
primarily oil and water saturations with gas saturation as the dependent variable and not 
included. These results were then analyzed with the single linear regressions as well as the data 
from the laboratory analysis. 
 
5.3.1 – Statistical Analysis of the Crosby 12-H #1 Well, Wilkinson County, Mississippi 
As the most northerly well analyzed, the Crosby 12-H #1 was drilled in the area of the 
shallowest deposition. The closer proximity to the paleo-coastal margin resulted in the deposition 
of more resistive sediments from increased deposition of terrigeneous sediments. Analysis of the 
multiple linear regression ANOVA table (Table 5.2) supports that mineralogy does have the 
strongest influence over the resistivity of the target zone, followed by TOC and water saturation. 
Mineralogy, TOC, and water saturation contain the smallest p-values and the largest F-test 
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Table 5.2 – Analysis of Variance (ANOVA) table for the resistivity of the TMS basal zone, 
Crosby 12-H #1 well, Wilkinson County, Mississippi. 
Figure 5.12 – Comparison of modelled resistivity of ANOVA Table variables to measured 
resistivity of sample intervals, Crosby 12-H #1 well, Wilkinson County, Mississippi.  
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Table 5.3 – Single linear regressions showing a moderately strong relationship to primary 
mineralogy for the Crosby 12-H #1 Well, Wilkinson County, Mississippi. 
Figure 5.13 – Mineralogical percentages of primary sediments within high resistivity zone 
of the TMS, Crosby 12-H #1 well, Wilkinson County, Mississippi. 
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values indicative of the strong correlation between these characteristics and resistivity. For this 
well, oil saturation is not a meaningful predictor for resistivity with a probability factor of 0.49, 
which concludes that there is a 50% chance of accepting the null hypothesis that there is no 
correlation. Using the results of the ANOVA table, the likely resistivity of these variables was 
modeled with the actual resistivity from the same sampling interval. The modeled resistivity of 
the independent variables used in the ANOVA table for the Crosby 12 H #1 well closely 
parallels the actual resistivity, indicative that these characteristics exercise the primary influence 
over the fluctuations in resistivity of the Crosby 12-H #1 well (Figure 5.12).  
 Though these mineralogical characteristics do not show a single linear regression with 
resistivity, some characteristics do show a moderately strong linear relationship with other 
characteristics (Table 5.3). Due to deposition relatively close to the coastal margin compared to 
the other study wells, the Crosby 12-H #1 well originally received the highest percentages of 
terrestrial siliciclastics in its early deposition which declined as sea level transgressed (Figure 
5.13). These siliciclastics sediments show a moderately strong positive linear relationship with 
permeability and gas saturation. Siliciclastics also show a moderately strong negative linear 
relationship with water saturation, TOC, and free hydrocarbons. As sea level continued to rise 
during deposition, clay and carbonate percentages increased replacing siliciclastic sedimentation. 
These deposits are likely the primary host for TOC and hydrocarbons in the TMS based on single 
linear regression analysis. Both clays and carbonates show a negative correlation to permeability, 
likely due to the infilling of pore throats from fine clay particles and carbonate growth. Though 
with increased clay percentages, there is a linear increase in porosity. Clays also show a negative 
linear relationship with gas saturation, possibly from migration to more permeable zones 
containing a higher abundance of siliciclastics. Analysis of the single and multiple linear 
Figure 5.11 – Resistivity of independent variables from ANOVA table modelled over 
measured resistivity from sampling interval from the Crosby 12-H #1 Well, Wilkinson 
County, Mississippi. 
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regressions from the Crosby 12-H #1 well data provide evidence that the resistivity of the basal 
portion of the TMS is due to the direct and indirect relationships between mineralogy, porosity, 
permeability, and pore fluid.  
 
5.3.2 – Statistical Analysis of the Beech Grove 68 H-1 Well, East Feliciana Parish, 
Louisiana 
 The Beech Grove 68 H-1 well was drilled in the TMS section deposited downdip of the 
Crosby 12-H #1 well in Wilkinson County, Mississippi, and updip of the Lane 64-1 well in East 
Feliciana Parish, Louisiana. With sedimentation and deposition occurring further offshore than 
the Crosby 12-H #1, it contains the highest percentage of carbonates of the three study wells. As 
with the Crosby 12-H #1 well, there is no single variable of the basal portion of the TMS that 
shows a moderate to strong linear correlation to resistivity. Multivariate linear regression 
analysis of resistivity again shows that mineralogy and water saturation have the strongest p-
values and F-test values, which suggests that the increase in the basal region is a function of the 
complex relationship between mineralogy, porosity, and pore fluid saturation (Table 5.4). The 
modeled resistivity matches well with the lower regions of the target zone with departures likely 
due to the large range of carbonate content (Figure 5.14). Analysis of single linear regressions 
for the primary mineralogy of the high resistivity basal zone supports the complexity of the 
interactions between the variables (Table 5.5). With less clay deposited than in the Crosby 12-H 
#1 well, there is a moderately strong negative linear relationship between carbonates and 
siliciclastics and a very strong negative linear relationship between carbonates and clays. This 
negative relationship between carbonates and clays also extends to the carbonate and clay 
relationship to other factors of the high resistivity TMS. Carbonate content shows a moderately 
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Regression 58.25 6 9.71 4.87 0.0051995
Oil Saturation 0.98 1 0.98 0.49 0.4939814
Water Saturation 14.34 1 14.34 7.2 0.0163345
Carbonate 30.57 1 30.57 15.34 0.0012302
Siliciciclastics 31.05 1 31.05 15.58 0.0011528
Clay 28.18 1 28.18 14.14 0.0017104
TOC 18.91 1 18.91 9.49 0.0071687
Error 31.89 16 1.99                        
Total 90.14 22                                      
Variable Sum of Squares
The probability of not rejecting null hypothesis = 0.0051995
AF90ohmm = 176.73 - 0.87 Oil Saturation - 1.93 Water Saturation - 1.69 Carbonate - 1.77 Silicilastics - 1.69 
Clay - 4.23 TOC
DF Mean Squares F-Test Probability
Table 5.4 - Analysis of Variance (ANOVA) table for the resistivity of the TMS basal zone, 
Beech Grove 68 H-1 Well, East Feliciana Parish, Louisiana. 
Figure 5.14 - Comparison of modelled resistivity of ANOVA Table variables to measured 
resistivity of sample intervals, Beech Grove 68 H-1 Well, East Feliciana Parish, Louisiana. 
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strong to strong positive relationship to hydrocarbon saturation of pore spaces, with clay content 
showing a moderately strong to strong negative linear relationship to hydrocarbon saturation. 
Clay content shows strong positive linear correlations with porosity and water saturation, which 
is the opposite for carbonates. In the Beech Grove 68 H-1 well, as siliciclastics decrease, 
carbonates are likely to increase. As the carbonate content increases there is also likely going to 
be a sharp decrease in clay minerals. This can result in a decrease in porosity and water 
saturation, with carbonate growth filling pore spaces and hydrocarbon saturation displacing pore 
water in the increasingly oil-wet groundmass.  
 
5.3.3 – Statistical Analysis of the Lane 64-1 Well, East Feliciana Parish, Louisiana 
 The Lane 64-1 well in East Feliciana Parish, Louisiana, was drilled in the most downdip 
direction of the three study wells. As such, it experienced the deepest water sedimentary 
environment as well as the deepest burial of the three. It is therefore, not surprising that the 
Siliciclastics Carbonates Clays TOC (wt%)
Siliciclastics 1 -0.541706986 -0.058048351 -0.303955025
Carbonates -0.541706986 1 -0.802618873 0.091617131
Clays -0.058048351 -0.802618873 1 0.132106616
TOC (wt%) -0.303955025 0.091617131 0.132106616 1
Total Porosity (% of BV) -0.077438888 -0.725929572 0.907170378 0.043970593
Bound Clay Water (% of BV) -0.024857895 -0.794962804 0.950885872 0.075205697
Total Water Saturation (% of PV) 0.235661024 -0.834198517 0.802572703 -0.016695908
Total Gas Saturation (% of PV) -0.152465062 0.770193206 -0.780919677 -0.105703795
Total Mobile Oil Saturation  (% of PV) -0.332464025 0.754715519 -0.652979163 0.236933602
S1 (mg/g) -0.449643919 0.46994487 -0.21673252 0.800538065
S2 (mg/g) -0.298465181 0.09845504 0.124735773 0.989146645
Beech Grove 68 H-1 Well: Single Linear Regression Analysis of Well Characteristics
Table 5.5 - Single linear regressions showing moderate to strong relationships to primary 
mineralogy for the Beech Grove68 H-1 Well, East Feliciana Parish, Louisiana. 
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signature for the increase in resistivity departs slightly from what is common in the other 
analyzed TMS wellswith the apex of the highest area of resistivity bordered by two very high 
magnitude spikes (Figure 5.15). Multivariate linear regression analysis for the Lane 64-1 well 
also departs from those seen in the other two study wells. Oil saturation shows the strongest p-
value and F-test in the multivariate linear regression to resistivity though it has a moderately low 
negative single linear regression with resistivity (Table 5.7). The Lane 64-1 well single linear 
regression analysis shows that siliciclastics have a moderately strong negative linear correlation 
Figure 5.15 – Wireline log measure resistivity of the Lane 64-1 Well, East Feliciana Parish, 
Louisiana. 
Variable Sum of Squares DF Mean Squares F-Test Probability
Regression 423.63 6 70.6 4.75 0.0017436
Oil Saturation 253.66 1 253.66 17.08 0.0002788
Water Saturation 5.33 1 5.33 0.36 0.5539244
Carbonate 8.79 1 8.79 0.59 0.4479748
Siliiciclastics 3.24 1 3.24 0.22 0.6440321
Clay 7.11 1 7.11 0.48 0.4944349
TOC 4.79 1 4.79 0.32 0.5745319
Error 430.75 29 14.85                        
Total 854.38 35                                      
AF90ohmm = -10.20 - 17.72 Oil Saturation - 0.82 Water Saturation + 0.42 Carbonate + 0.25 Silicilastics + 
0.37 Clay + 1.44 TOC
The probability of not rejecting null hypothesis = 0.0017436
Table 5.6 - Analysis of Variance (ANOVA) table for the resistivity of the TMS basal zone, 
Lane 64-1 Well, East Feliciana Parish, Louisiana. 
 
 52 
 
 
the coastline,  
Figure 5.16 - Comparison of modelled resistivity of ANOVA Table variables to measured 
resistivity of sample intervals, Lane 64-1 Well, East Feliciana Parish, Louisiana. 
Siliciclastics Carbonates Clays TOC (wt%)
Siliciclastics 1 -0.429314476 -0.06162026 -0.598178264
Carbonates -0.429314476 1 -0.869596121 0.460213351
Clays -0.06162026 -0.869596121 1 -0.174315601
TOC (wt%) -0.598178264 0.460213351 -0.174315601 1
Total Porosity (% of BV) -0.05997397 -0.761665377 0.858200624 -0.178312091
Bound Clay Water (% of BV) -0.080912536 -0.771530452 0.874778217 -0.01116635
Total Water Saturation (% of PV) 0.235010719 -0.702081045 0.648664183 -0.468473364
Total Gas Saturation (% of PV) -0.119681641 0.618737225 -0.620832977 0.313275872
Bound Hydrocarbon Saturation (% of BV) -0.245838876 0.541810539 -0.443579101 0.51715857
Total Mobile Oil Saturation  (% of PV) -0.320401799 0.613729458 -0.502377763 0.540466736
S1 (mg/g) -0.468814426 0.459530661 -0.25232552 0.88951582
S2 (mg/g) -0.542393157 0.416538784 -0.153922711 0.95278186
Lane 64-1 Well: Single Linear Regression Analysis of Well Characteristics
Table 5.7 - Single linear regressions showing moderate to strong relationships to primary 
mineralogy for the Lane 64-1 Well, East Feliciana Parish, Louisiana. 
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with TOC and pyrolyzable hydrocarbons (S2), though being deposited the furthest distance from 
sedimentation of terrestrial siliciclastics is relatively minimal with little fluctuation. The primary 
mineral constituent in the basal portion of the Lane 64-1 well are clays with occurrences of large 
increases of carbonates early on in its deposition. Clays and carbonates show a strongly negative 
Figure 5.17 – Mineralogy of TMS high resistivity basal zone, Lane 64-1 well, East 
Feliciana, Louisiana. 
Figure 5.18 – Electrically resistive pore fluids of TMS high resistivity basal zone, Lane 64-1 
well, East Feliciana, Louisiana. 
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linear relationship with one another along with having opposite correlations with other 
characteristics. Carbonates show a strong negative linear correlation to porosity, bound clay 
water, and water saturation and a moderately strong positive linear correlation to gas, mobile oil, 
and bound hydrocarbon saturation. Clays, on the other hand, show a strong positive linear 
regression to porosity and bound clay water, and a moderately strong positive correlation to 
water saturation. Clays also exhibit a moderately strong negative linear regression to gas 
saturation and mobile oil saturation. Of the two large spikes in resistivity, both occur in areas 
where there is a drastic drop in clay volume replaced by an increase in carbonates (Figure 5.17). 
Both of the increases in resistivity also occur where there are observable increases in oil and gas 
saturation due to the preferential oil-wet nature of carbonates (Figure 5.18). 
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CHAPTER 6 – SUMMARY AND CONCLUSIONS 
 The Tuscaloosa Group was deposited above the Mid-Cretaceous Unconformity and its 
deposition constitutes a complete transgressive-regressive cycle. The lower Tuscaloosa member 
of the Tuscaloosa Group was deposited following this period of uplift and erosion as fluvial to 
deltaic deposits. As sea level continued to rise, these deltas were eventually submerged and the 
sedimentation transitioned from more coarse-grained siliciclastics to a predominantly clay 
mineralogy. The Tuscaloosa Marine Shale member was deposited following the upper “Pilot 
Sand” of the lower Tuscaloosa member as the transgression continued. The TMS is 
representative of the inundated phase of the Tuscaloosa Group. Early deposition included a 
diminishing of siliciclastics deposits replaced with clay and carbonate deposits. As deposition of 
the TMS occurred further from the coastline, carbonate sedimentation increased along the 
continental shelf. Though this carbonate deposition eventually decreased as the water depth 
increased from continuing rise in sea level. Upper regions of the TMS host little to no carbonates 
and are composed almost entirely of deep water marine clay. These clays transition rapidly to the 
silts and sand of the upper Tuscaloosa member deposited during the regressive systems tract.  
 During exploration of lower Tuscaloosa sand bodies for oil, it was common for wireline 
loggers to use the increase in resistivity in the basal region of the TMS as a marker bed. This led 
geoscientists such as Alfred Moore to discover shows of oil in this same region. Though original 
exploration of this zone for oil was economically unsuccessful, it did establish the TMS as a 
petroleum source rock as well as a possible future target for exploitation. With the invention of 
horizontal drilling and hydraulic fracturing, the BRI again brought attention upon the TMS as a 
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possible unconventional oil play by estimating that it may hold over 7 billion barrels of oil (John 
et al., 1997). Based on work conducted by Schmoker and Hester (1990) on the Bakken and 
Woodford Shales, the BRI interpreted the increase in resistivity as being caused by the 
generation of hydrocarbons in a mostly homogeneous groundmass. By mapping the thickness 
and extent of the high resistivity zone throughout Mississippi and Louisiana, the BRI quantified 
the amount of oil in place by estimating a minimum of 50 barrels per acre foot in zones where 
the 5 Ohmm cutoff exceeded twenty feet thick.  
In this analysis of the TMS as a possible oil play, the BRI misinterpreted the 
homogeneity of the TMS, therefore they misinterpreted the increase in resistivity at the base of 
the shale as being due entirely to the generation of oil and natural gas (John et al., 1997). While 
pore fluids do play a large role in the increase in resistivity of the basal portion, they are not the 
only contributing factor to this signature. Carbonate deposition is the primary controlling 
influence for the factors that create the increase in resistivity over normally conductive marine 
shales. The amount of carbonate deposition that occurred during the early deposition of the TMS 
is largely dependent on the location of deposition in relationship to the coastline, the influx of 
terrestrial siliciclastics from deltaic deposits, and the period within the appropriate depth range 
for carbonate occurrence. This is the reason for the increase in thickness and magnitude of the 
high resistivity zone further from the coastline and deltas, as well as the reason it does not 
continue to extend further south of the continental shelf.   
Though the increased carbonate content does increase the resistivity of the TMS to an 
extent, pore fluid saturation and porosity, which are strongly influenced by the carbonate content, 
are the largest cause for the impedance of electron flow. With increased percentages of 
carbonates within the groundmass, porosity is diminished due to formation of micrite within the 
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pores. This carbonate growth can choke pore throats as well as diminish the interconnectivity of 
conductive pore waters which would decrease the capacity for electron flow. Fluid saturation is 
also influenced by the percentage of carbonates due to the wettability preference. As carbonate 
content increases, the groundmass is likely to become more oil-wet causing pore waters to 
migrate to more clay-rich zones. Quantitative analysis of resistivity and laboratory data from the 
Crosby 12-H #1, Beech Grove 68 H-1, and Lane 64-1 wells supports the conclusion that the 
resistivity signature of the basal portion of the TMS is controlled by a combination of 
mineralogy, porosity, and pore fluids. Multivariate linear regression analysis of the three study 
wells support that mineralogy and pore fluid saturation exert the strongest influences on 
resistivity. The strength of the relationships between each of these variables is illustrated by the 
single linear regression matrix. Analysis of single linear regressions from the Crosby 12-H #1 
well in Wilkinson County, Mississippi show that with deposition closer to shore and terrestrial 
sediment sources, siliciclastics exert a much stronger influence on resistive characteristics than in 
the study wells deposited further offshore. This includes moderately strong positive linear 
correlations with permeability and gas saturation, and negative linear correlations with water 
saturation, carbonates, clays, TOC, and bound and convertible hydrocarbons. In the Beech Grove 
68 H-1 well and the Lane 64-1 well deposited much further offshore, carbonate content increases 
and exerts stronger control over resistive characteristics while siliciclastics no longer are 
prevalent in the abundance found in the Crosby 12-H #1 well. In both of these study wells, 
carbonates show strong negative linear regressions with clay percentage, porosity, and water 
saturation while showing a strong to moderately strong positive linear relationship with gas and 
oil saturation. So as carbonate concentrations increase in thickness further away from shallower 
coastal waters, the thickness of the high resistivity zone will also likely increase. And though this 
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does increase the likelihood of resistive hydrocarbons being found within the high resistivity 
zone, it does not necessarily signify their presence or provide a quantifiable estimation as to their 
abundance. 
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 Access was granted by Goodrich Petroleum Corporation to the laboratory analysis data 
from three wells that had undergone whole core analysis. The Crosby 12-H #1 core was analyzed 
by Core Laboratories, while the Beech Grove 68 H-1 and the Lane 64-1 wells were analyzed by 
Schlumberger TerraTek Laboratories using similar methods as Core Laboratories. With testing 
of these wells conducted by two different laboratories, a margin of error due to different 
sampling or testing methods can be assumed.  
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Depth 
(ft)
Gas-filled 
Porosity 
(%)
Gas 
Saturation
Porosity 
(%)
Oil 
Saturation 
(%)
Water 
Saturation 
(%)
12,082 0.60 9.8 6.05 9.4 80.7
12,087 0.63 12.4 5.03 12.9 74.7
12,092 0.31 6.1 4.99 8.1 85.8
12,098 0.53 8.4 6.26 10.1 81.4
12,102 0.49 9.0 5.51 8.4 82.6
12,107 0.72 16.2 4.45 10.0 73.8
12,113 0.69 10.8 6.41 14.1 75.1
12,117 0.63 12.3 5.15 8.1 79.6
12,122 1.02 15.6 6.57 5.5 79.0
12,127 1.13 20.5 5.49 12.8 66.7
12,132 0.75 12.3 6.10 11.6 76.1
12,137 0.65 10.2 6.36 21.5 68.3
12,142 0.72 12.5 5.72 11.4 76.0
12,147 0.54 8.7 6.23 12.8 78.5
12,152 0.32 4.4 7.17 8.2 87.4
12,157 0.39 8.1 4.78 13.6 78.3
12,162 0.80 16.0 4.99 24.6 59.4
12,167 0.44 7.5 5.87 14.3 78.2
12,172 0.46 9.4 4.94 6.5 84.1
12,177 0.38 11.7 3.29 15.8 72.5
12,182 1.26 20.7 6.12 19.2 60.1
12,187 0.81 16.7 4.85 14.9 68.4
12,192 1.21 25.5 4.74 11.8 62.7
Shale Core Analysis
Crosby 12-H #1 Well, Wilkinson County, Mississippi
As Received
Dry & Dean Stark Extracted 
Conditions
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Depth (ft) Siliciclastics Carbonates Clays Pyrite Marcasite
Kerogen 
Equivalent
12,082 21.5 11.5 62.6 1.4 0.0 2.8
12,087 18.6 33.6 44.1 0.8 0.0 2.7
12,092 29.0 6.7 56.0 3.2 0.0 5.0
12,098 33.8 9.3 51.4 1.9 0.0 3.6
12,102 23.3 20.8 48.3 2.1 0.0 5.5
12,107 21.6 34.3 41.2 0.6 0.3 2.1
12,113 30.9 7.4 53.6 4.0 0.0 4.2
12,117 24.5 15.1 50.5 2.9 0.0 7.0
12,122 27.6 22.7 45.4 0.8 0.8 2.6
12,127 27.0 7.7 57.5 3.3 0.0 4.4
12,132 31.5 19.6 43.8 0.9 0.5 3.7
12,137 21.4 10.1 62.7 1.0 1.1 3.7
12,142 25.5 9.3 58.8 1.3 0.6 4.6
12,147 25.9 5.9 62.6 0.5 1.0 4.1
12,152 24.0 0.6 67.7 3.3 0.3 4.0
12,157 29.0 11.6 53.0 0.9 0.4 5.0
12,162 26.5 16.5 51.4 1.4 0.0 4.1
12,167 29.2 1.9 59.7 3.1 0.9 5.1
12,172 36.1 4.5 56.0 2.0 0.0 1.4
12,177 52.3 7.8 34.8 1.6 0.0 3.4
12,182 65.1 1.5 30.9 1.4 0.0 1.1
12,187 51.9 0.0 44.2 1.4 0.0 2.4
12,192 56.9 0.0 40.6 1.1 0.0 1.4
AVERAGE: 30.54583333 10.76666667 49.0333 1.7042 0.2458333 3.4958333
Crosby 12-H #1 Well, Wilkinson County, Mississippi
Composition Determined by XRD and TOC
Volume % Composition (TOC as Kerogen)
 68 
 
 
Depth (ft)
TOC 
(wt.%)
S1 S2 S3
Tmax 
(°C)
Oil 
Production 
Index 
(OPI)
Potential 
Yield 
(S1+S2)
Hydrogen 
Index
Oxygen 
Index
12,082 1.24 0.13 1.54 0.16 444 0.08 1.67 124 13
12,087 1.19 0.15 1.91 0.23 445 0.07 2.06 161 19
12,092 2.21 0.26 3.26 0.16 444 0.07 3.52 148 7
12,097 1.59 0.14 1.55 0.09 445 0.08 1.69 98 6
12,102 2.43 0.19 4.66 0.21 445 0.04 4.85 192 9
12,107 0.91 0.16 1.62 0.21 447 0.09 1.78 178 23
12,112 1.83 0.14 1.32 0.17 445 0.10 1.46 72 9
12,117 3.10 0.15 5.58 0.21 445 0.03 5.73 180 7
12,122 1.15 0.19 1.78 0.20 444 0.10 1.97 155 17
12,127 1.92 0.15 1.05 0.20 446 0.13 1.20 55 10
12,132 1.64 0.21 3.27 0.27 443 0.06 3.48 199 16
12,137 1.64 0.22 3.03 0.22 448 0.07 3.25 185 13
12,142 2.06 0.21 2.98 0.18 446 0.07 3.19 145 9
12,147 1.82 0.18 2.24 0.12 446 0.07 2.42 123 7
12,152 1.75 0.12 0.80 0.09 445 0.13 0.92 46 5
12,157 2.23 0.13 5.26 0.14 446 0.02 5.39 236 6
12,162 1.83 0.14 3.95 0.22 445 0.03 4.09 215 12
12,167 2.23 0.07 1.00 0.14 443 0.07 1.07 45 6
12,172 0.59 0.03 0.10 0.11 443 0.23 0.13 17 19
12,177 1.53 0.11 1.61 0.14 445 0.06 1.72 105 9
12,182 0.50 0.05 0.16 0.13 445 0.24 0.21 32 26
12,187 1.06 0.04 0.28 0.12 445 0.13 0.32 26 11
12,192 0.62 0.03 0.27 0.10 444 0.10 0.30 43 16
AVERAGE: 1.5446 0.13333 2.05083 0.15917 426.4 0.08625 2.1841667 115.8333 11.45833
Crosby 12-H #1 Well, Wilkinson County, Mississippi
ROCK-EVAL PYROLYSIS AND TOC CONTENT
mg/gm rock
 69 
 
 
Depth
(ft)
Effective 
Porosity 
(% of BV)
Water 
Saturation 
(% of PV)
Gas 
Saturation 
(% of PV)
Mobile Oil 
Saturation 
(% of PV)
Gas Filled 
Porosity 
(% of BV)
Bound 
Hydrocarbon 
Saturation 
(% of BV)
Bound 
Clay 
Water   
(% of BV)
13748.6 3.09 63.94 22.09 13.97 0.68 0.12 12.49
13754.91 2.42 66.92 18.80 14.28 0.45 0.10 9.46
13759.65 6.22 80.84 16.40 2.76 1.02 0.26 14.49
13760.4 5.05 67.74 25.68 6.59 1.30 0.10 13.87
13760.82 3.78 76.31 22.43 1.26 0.85 0.29 14.84
13763.2 4.05 80.44 18.37 1.19 0.74 0.29 14.45
13767.7 4.36 73.72 18.56 7.72 0.81 0.10 14.15
13773.94 4.77 83.71 15.27 1.02 0.73 0.04 14.97
13774.84 2.55 60.19 32.95 6.86 0.84 0.17 8.16
13775.33 4.35 60.30 29.98 9.73 1.30 0.11 11.84
13779.59 3.88 63.12 25.87 11.01 1.00 0.35 13.28
13783.76 3.19 41.69 41.34 16.97 1.32 0.72 8.83
13786.35 3.89 52.45 30.94 16.61 1.20 0.77 11.72
13789.51 4.32 47.50 40.14 12.36 1.73 0.45 12.27
13794.84 4.23 63.14 28.85 8.01 1.22 0.21 11.92
13798.85 3.42 62.77 24.38 12.84 0.83 0.24 11.12
13799.63 4.16 65.70 23.71 10.60 0.99 0.36 11.77
13800.2 3.17 60.96 28.32 10.72 0.90 0.46 12.44
13803.53 2.96 36.08 37.97 25.95 1.13 0.83 8.54
13806.4 3.62 49.94 38.23 11.83 1.39 0.43 12.10
13808.22 4.25 34.66 50.08 15.26 2.13 0.51 12.13
13811.26 3.36 32.15 44.73 23.12 1.50 0.55 10.79
13811.55 4.45 49.99 40.48 9.53 1.80 0.24 11.97
13813.42 4.36 64.20 25.90 9.89 1.13 0.12 13.62
13814.3 4.14 53.82 35.74 10.44 1.48 0.36 10.19
13814.7 3.33 49.27 37.92 12.82 1.26 0.43 10.33
13815.13 2.88 43.08 42.12 14.80 1.21 0.66 10.05
13815.71 3.75 50.63 31.92 17.46 1.20 0.33 12.53
13816.11 3.27 52.55 27.35 20.10 0.90 0.52 11.75
13819.83 5.41 60.40 29.65 9.95 1.60 0.24 15.48
13822.37 3.18 44.02 31.59 24.39 1.01 0.48 10.69
Beech Grove 68 H-1, East Feliciana Parish, Louisiana
Shale Core Analysis
TRA - Effective Porosity (Total Porosity - Pore Space Occupied by Shale or Clay)
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Depth
(ft)
Effective 
Porosity 
(% of BV)
Water 
Saturation 
(% of PV)
Gas 
Saturation 
(% of PV)
Mobile Oil 
Saturation 
(% of PV)
Gas Filled 
Porosity 
(% of BV)
Bound 
Hydrocarbon 
Saturation 
(% of BV)
Bound 
Clay 
Water   
(% of BV)
13822.66 2.72 53.99 26.03 19.98 0.71 0.55 12.20
13823.57 3.89 37.44 45.42 17.13 1.77 0.43 11.05
13825.24 2.05 44.71 33.65 21.63 0.69 0.44 9.18
13826.27 3.73 35.01 50.42 14.57 1.88 0.65 10.48
13826.43 3.78 36.53 42.82 20.66 1.62 0.62 9.72
13828.65 2.53 17.32 51.13 31.55 1.30 0.57 5.07
13829.14 1.27 1.56 71.18 27.27 0.90 0.46 1.47
13832.6 3.41 38.11 42.69 19.19 1.46 0.59 12.44
13833.6 2.96 59.21 26.39 14.40 0.78 0.57 13.75
13835.33 2.41 50.18 35.89 13.94 0.86 0.94 11.98
13837.78 3.06 50.25 31.97 17.79 0.98 0.46 14.43
13839.6 3.02 41.19 36.63 22.18 1.10 0.53 9.36
13843.39 2.13 14.70 47.63 37.67 1.01 0.64 4.50
13843.51 2.39 16.76 49.72 33.52 1.19 0.57 4.30
13843.68 1.80 60.29 20.18 19.54 0.36 0.22 7.72
13844.64 3.68 77.21 13.21 9.58 0.49 0.10 12.50
13845.28 2.14 31.53 52.25 16.23 1.12 0.35 6.94
13845.5 1.48 8.77 74.35 16.87 1.10 0.20 4.59
13845.85 4.17 62.92 28.73 8.34 1.20 0.00 14.00
13846.23 2.48 21.45 68.61 9.93 1.70 0.10 5.62
13846.38 2.28 53.32 42.75 3.93 0.97 0.26 8.96
13846.69 2.95 64.11 27.54 8.35 0.81 0.10 11.05
13848.5 3.39 67.57 29.86 2.57 1.01 0.15 12.67
13849.51 3.16 59.08 38.14 2.78 1.21 0.16 12.12
13853.27 3.49 57.63 32.68 9.70 1.14 0.21 12.48
13855.5 4.39 65.54 28.92 5.54 1.27 0.10 13.41
13856.54 1.61 33.97 44.42 21.61 0.72 0.10 5.47
13860.48 2.47 47.58 38.76 13.65 0.96 0.45 11.28
13862.91 0.68 8.77 78.08 13.15 0.53 0.00 1.94
AVERAGE: 3.3230989 50.14841 35.7967271 14.054863 1.1081462 0.354913314 10.71504
Beech Grove 68 H-1, East Feliciana Parish, Louisiana
Shale Core Analysis
TRA - Effective Porosity (Total Porosity - Pore Space Occupied by Shale or Clay)
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Depth
(ft)
Total Porosity
(% of BV)
Total
Water 
Saturation 
(% of PV)
Total
Gas 
Saturation 
(% of PV)
Total
Mobile Oil 
Saturation  
(% of PV)
13748.6 5.48 79.64 12.47 7.89
13754.91 4.13 80.66 10.99 8.35
13759.65 9.29 87.18 10.97 1.85
13760.4 8.23 80.22 15.75 4.04
13760.82 7.79 88.52 10.87 0.61
13763.2 7.82 89.87 9.51 0.62
13767.7 7.53 84.78 10.75 4.47
13773.94 8.49 90.84 8.58 0.57
13774.84 3.98 74.48 21.12 4.40
13775.33 7.11 75.72 18.33 5.95
13779.59 7.23 80.24 13.86 5.90
13783.76 4.99 62.70 26.45 10.86
13786.35 7.09 73.92 16.97 9.11
13789.51 7.46 69.58 23.25 7.16
13794.84 6.68 76.65 18.28 5.07
13798.85 5.38 76.36 15.49 8.15
13799.63 6.72 78.75 14.69 6.57
13800.2 6.13 79.81 14.65 5.55
13803.53 4.97 61.83 22.67 15.49
13806.4 6.56 72.36 21.10 6.53
13808.22 7.37 62.37 28.84 8.79
13811.26 5.73 60.22 26.22 13.55
13811.55 7.38 69.84 24.41 5.75
13813.42 7.32 78.66 15.45 5.90
13814.3 6.23 69.31 23.75 6.94
13814.7 5.72 70.48 22.06 7.46
13815.13 5.10 67.84 23.80 8.36
13815.71 6.73 72.49 17.78 9.73
13816.11 5.96 73.93 15.03 11.04
13819.83 8.83 75.77 18.15 6.09
Beech Grove 68 H-1, East Feliciana Parish, 
Louisiana
Shale Core Analysis
TRA - Total Porosity
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Depth
(ft)
Total Porosity
(% of BV)
Total
Water 
Saturation 
(% of PV)
Total
Gas 
Saturation 
(% of PV)
Total
Mobile Oil 
Saturation  
(% of PV)
13822.37 5.07 64.85 19.83 15.31
13822.66 5.10 75.45 13.89 10.66
13823.57 5.91 58.77 29.94 11.29
13825.24 3.62 68.65 19.08 12.27
13826.27 5.79 58.14 32.48 9.38
13826.43 5.42 55.65 29.91 14.43
13828.65 2.99 29.92 43.34 26.74
13829.14 1.35 7.33 67.00 25.67
13832.6 6.30 66.48 23.13 10.40
13833.6 6.38 81.04 12.26 6.69
13835.33 5.53 78.30 15.63 6.07
13837.78 6.84 77.74 14.30 7.96
13839.6 5.20 65.87 21.25 12.87
13843.39 2.65 31.53 38.24 30.24
13843.51 2.88 30.77 41.35 27.88
13843.68 3.39 78.95 10.69 10.35
13844.64 7.25 88.42 6.71 4.87
13845.28 3.85 61.99 29.01 9.01
13845.5 2.54 46.91 43.27 9.82
13845.85 7.95 80.57 15.06 4.37
13846.23 3.65 46.61 46.64 6.75
13846.38 4.39 75.77 22.19 2.04
13846.69 5.36 80.24 15.16 4.60
13848.5 6.61 83.36 15.33 1.32
13849.51 6.10 78.79 19.77 1.44
13853.27 6.60 77.59 17.28 5.13
13855.5 7.48 79.78 16.98 3.25
13856.54 2.35 54.77 30.42 14.80
13860.48 4.60 71.86 20.81 7.33
13862.91 0.99 37.30 53.66 9.04
AVERAGE: 2.217787586 26.06828768 5.2794919 1.985553708
Beech Grove 68 H-1, East Feliciana Parish, 
Louisiana
Shale Core Analysis
TRA - Total Porosity
 73 
 
 
Depth
(ft)
Siliciclastics Carbonates Clays Pyrite Fluorapatite Barite Magnetite
13748.6 33.3 10.4 52.9 1.8 0.0 0.8 0.7
13754.91 50.4 18.9 23.4 7.3 0.0 0.0 0.0
13759.65 27.8 6.3 62.8 2.5 0.0 0.5 0.0
13760.4 34.5 8.4 53.6 3.3 0.0 0.2 0.0
13760.82 33.1 5.5 57.0 3.8 0.0 0.6 0.0
13763.2 31.4 9.6 54.8 2.4 1.0 0.8 0.0
13767.7 29.1 11.1 55.5 3.7 0.0 0.6 0.0
13773.94 29.5 4.8 59.4 5.8 0.1 0.5 0.0
13774.84 37.9 26.9 30.1 4.7 0.2 0.2 0.0
13775.33 20.8 24.1 51.8 2.7 0.0 0.6 0.0
13779.59 27.8 14.8 53.9 3.2 0.0 0.1 0.0
13783.76 25.4 32.8 39.0 2.1 0.0 0.8 0.0
13786.35 33.1 17.5 47.1 1.8 0.0 0.5 0.0
13789.51 35.4 14.4 46.9 2.6 0.0 0.6 0.0
13794.84 41.9 7.4 45.9 4.1 0.0 0.9 0.0
13798.85 43.0 12.6 40.0 3.9 0.0 0.8 0.0
13799.63 36.6 6.8 49.1 7.4 0.0 0.1 0.0
13800.2 35.9 10.3 46.4 7.0 0.0 0.5 0.0
13803.53 19.9 37.7 39.8 1.5 0.0 1.2 0.0
13806.4 37.9 8.6 47.6 4.6 0.5 0.8 0.0
13808.22 39.5 5.3 50.1 4.8 0.0 0.4 0.0
13811.26 33.6 18.3 42.3 5.1 0.0 0.7 0.0
13811.55 32.4 12.2 48.5 4.8 0.2 1.9 0.0
13813.42 29.4 15.5 49.5 4.1 0.0 1.6 0.0
13814.3 34.2 24.6 37.7 3.3 0.0 0.1 0.0
13814.7 35.0 26.1 34.4 3.5 0.0 0.9 0.0
13815.13 32.7 28.7 33.5 4.4 0.0 0.7 0.0
13815.71 26.3 26.9 41.9 4.0 0.0 0.8 0.0
13816.11 24.2 19.8 53.1 2.0 0.0 0.7 0.0
13819.83 30.7 8.4 57.4 3.1 0.2 0.2 0.0
Whole Rock Mineralogy
Beech Grove 68 H-1,  East Feliciana Parish, Louisiana
Composition Determined by XRD
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Depth
(ft)
Siliciclastics Carbonates Clays Pyrite Fluorapatite Barite Magnetite
13822.37 21.2 35.5 39.4 3.1 0.1 0.8 0.0
13822.66 21.8 28.0 46.7 2.5 0.0 1.0 0.0
13823.57 18.8 45.9 30.9 4.4 0.0 0.0 0.0
13825.24 27.9 28.9 35.9 6.4 0.0 1.0 0.0
13826.27 25.9 33.1 37.0 3.2 0.1 0.8 0.0
13826.43 24.7 35.9 35.5 2.9 0.1 0.7 0.0
13828.65 15.3 65.0 16.5 3.1 0.0 0.1 0.0
13829.14 13.8 81.5 3.4 1.3 0.0 0.0 0.0
13832.6 28.5 18.0 51.5 1.5 0.0 0.5 0.0
13833.6 27.6 12.7 56.7 2.4 0.1 0.4 0.1
13835.33 26.4 25.0 45.0 3.2 0.0 0.4 0.0
13837.78 34.9 8.7 52.4 3.5 0.0 0.5 0.0
13839.6 29.4 30.1 36.1 3.7 0.0 0.5 0.0
13843.39 26.5 49.4 20.8 2.7 0.0 0.7 0.0
13843.51 28.8 54.4 13.8 2.6 0.0 0.4 0.0
13843.68 45.8 30.2 18.4 5.5 0.0 0.0 0.0
13844.64 39.6 7.7 43.7 8.2 0.0 0.8 0.0
13845.28 35.9 32.2 26.0 5.3 0.0 0.5 0.0
13845.5 14.0 72.6 9.9 3.5 0.0 0.0 0.0
13845.85 31.2 11.9 49.1 6.9 0.0 0.8 0.0
13846.23 18.3 54.5 23.9 2.1 0.0 1.1 0.0
13846.38 43.4 22.3 30.0 4.2 0.1 0.2 0.0
13846.69 37.4 13.1 45.4 3.5 0.2 0.6 0.0
13848.5 38.8 5.9 51.6 3.1 0.0 0.6 0.0
13849.51 37.2 7.5 52.2 2.4 0.0 0.6 0.0
13853.27 34.0 14.6 47.5 3.3 0.0 0.6 0.0
13855.5 34.9 7.8 52.4 3.9 0.0 0.9 0.0
13856.54 46.5 29.8 21.5 2.2 0.0 0.0 0.0
13860.48 35.3 11.7 49.4 3.2 0.0 0.4 0.0
13862.91 76.9 15.1 7.2 0.4 0.0 0.4 0.0
AVERAGE: 16.3783333 7.9116667 23.4233 1.922 0.03666667 0.3183333 0.0116667
Composition Determined by XRD
Whole Rock Mineralogy
Beech Grove 68 H-1,  East Feliciana Parish, Louisiana
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Depth
(ft)
As 
Received 
Bulk 
Density 
(
g
/cc)
TOC 
(wt%)
S1 
(mg/g)
S2 
(mg/g)
S3 
(mg/g)
Tmax 
(°C)
Hydrogen 
Index
Oxygen 
Index
13748.6 2.612 1.01 0.80 1.55 0.29 456 153 29
13754.91 2.678 1.32 0.77 2.25 0.27 456 170 20
13759.65 2.581 0.97 0.44 1.39 0.20 459 143 21
13760.4 2.589 0.81 0.35 1.03 0.17 458 127 21
13760.82 2.604 0.86 0.24 0.92 0.13 459 107 15
13763.2 2.608 0.95 0.44 1.30 0.19 460 137 20
13767.7 2.600 0.97 0.44 1.15 0.20 455 119 21
13773.94 2.633 0.63 0.22 0.55 0.11 457 87 17
13774.84 2.672 1.55 1.03 2.80 0.22 457 181 14
13775.33 2.575 1.02 0.51 1.49 0.24 456 146 24
13779.59 2.571 1.51 0.99 2.91 0.25 454 193 17
13783.76 2.600 1.56 1.06 2.69 0.29 457 172 19
13786.35 2.524 2.53 1.99 5.61 0.38 452 222 15
13789.51 2.552 2.07 1.40 4.35 0.31 456 210 15
13794.84 2.627 1.09 0.75 1.62 0.28 455 149 26
13798.85 2.645 1.19 0.68 1.80 0.27 455 151 23
13799.63 2.656 0.79 0.47 0.77 0.21 458 97 27
13800.2 2.637 1.23 0.78 1.96 0.18 457 159 15
13803.53 2.540 2.80 2.71 6.23 0.33 456 223 12
13806.4 2.618 1.28 0.75 2.09 0.29 457 163 23
13808.22 2.564 1.21 0.85 2.03 0.25 456 168 21
13811.26 2.599 0.51 0.32 0.67 0.17 453 131 33
13811.55 2.579 1.15 0.87 2.02 0.16 455 176 14
13813.42 2.603 0.90 0.66 1.42 0.16 455 158 18
13814.3 2.603 1.51 1.58 2.85 0.23 457 189 15
13814.7 2.611 1.21 0.85 2.14 0.20 454 177 17
13815.13 2.602 1.30 0.99 2.15 0.14 458 165 11
13815.71 2.571 1.47 1.15 2.87 0.16 455 195 11
13816.11 2.549 2.74 2.10 6.39 0.20 454 233 7
13819.83 2.564 1.95 1.28 4.39 0.19 453 225 10
Beech Grove 68 H-1,  East Feliciana Parish, Louisiana
Rock-Eval Pyrolysis Summary
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Depth
(ft)
As 
Received 
Bulk 
Density 
(
g
/cc)
TOC 
(wt%)
S1 
(mg/g)
S2 
(mg/g)
S3 
(mg/g)
Tmax 
(°C)
Hydrogen 
Index
Oxygen 
Index
13822.37 2.574 2.40 2.62 5.60 0.27 457 233 11
13822.66 2.587 1.37 0.97 2.63 0.21 453 192 15
13823.57 2.601 1.66 1.32 3.04 0.21 456 183 13
13825.24 2.676 1.07 1.19 1.68 0.14 457 157 13
13826.27 2.588 0.74 0.44 0.85 0.10 456 115 14
13826.43 2.578 1.69 2.64 3.47 0.20 456 205 12
13828.65 2.638 1.20 2.61 2.18 0.19 454 182 16
13829.14 2.671 0.55 1.85 0.70 0.20 452 127 36
13832.6 2.530 2.79 2.91 6.29 0.26 459 225 9
13833.6 2.566 2.01 1.60 4.72 0.25 456 235 12
13835.33 2.592 1.70 1.52 3.50 0.27 458 206 16
13837.78 2.586 0.98 0.65 1.37 0.17 458 139 17
13839.6 2.586 1.94 3.02 4.01 0.24 456 207 12
13843.39 2.647 1.06 1.58 1.53 0.18 455 144 17
13843.51 2.643 1.77 1.73 2.91 0.24 455 164 14
13843.68 2.731 0.94 0.61 0.94 0.17 455 100 18
13844.64 2.730 0.79 0.41 0.78 0.11 453 99 14
13845.28 2.687 1.85 1.26 3.52 0.19 456 190 10
13845.5 2.695 0.55 0.56 0.65 0.16 457 119 29
13845.85 2.686 0.62 0.30 0.57 0.12 452 93 19
13846.23 2.672 1.17 1.13 1.83 0.21 456 156 18
13846.38 2.696 0.62 0.29 0.52 0.15 453 84 24
13846.69 2.671 0.62 0.32 0.50 0.13 456 80 21
13848.5 2.633 0.57 0.30 0.42 0.15 453 73 26
13849.51 2.645 0.64 0.24 0.42 0.12 457 65 19
13853.27 2.620 1.07 0.72 1.61 0.19 457 150 18
13855.5 2.626 0.78 0.45 0.69 0.15 459 88 19
13856.54 2.693 1.24 1.17 1.98 0.23 458 160 19
13860.48 2.633 2.17 1.51 4.72 0.25 454 218 12
13862.91 2.686 0.11 0.06 0.03 0.08 0 32 73
AVERAGE: 1.2994479 0.6682 0.458 1.19 0.111 228 82.127433 9.11686
Beech Grove 68 H-1,  East Feliciana Parish, Louisiana
Rock-Eval Pyrolysis Summary
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Depth (ft)
Total 
Porosity
(% of BV)
Total
Water 
Saturation 
(% of PV)
Total
Gas 
Saturation 
(% of PV)
Total
Mobile Oil 
Saturation  
(% of PV)
15102.27 4.35 51.76 30.02 18.22
15105.9 6.22 72.23 20.84 6.92
15110.17 6.53 72.80 21.93 5.27
15113.6 6.48 77.79 17.00 5.21
15115.61 6.73 74.82 20.15 5.03
15122.21 7.80 75.20 20.46 4.34
15124.23 6.58 80.42 14.43 5.15
15126.72 6.26 69.32 25.27 5.41
15129.68 6.64 67.15 27.76 5.08
15131.66 6.03 67.76 26.64 5.60
15135.85 5.26 77.28 18.04 4.67
15147.54 4.90 78.59 14.45 6.96
15149.25 5.66 63.66 28.63 7.72
15150.94 5.90 79.85 14.48 5.67
15157.14 5.40 73.84 19.86 6.30
15162.51 9.09 81.20 16.18 2.62
15162.88 7.24 85.45 9.87 4.67
15164.86 6.91 76.60 19.90 3.50
15170.95 6.93 77.62 18.90 3.47
15172.91 5.95 67.56 25.19 7.25
15176.74 4.05 52.07 28.51 19.42
15178.21 5.48 74.79 12.97 12.25
15180.66 6.73 64.77 25.28 9.95
15184.71 5.39 65.03 24.85 10.12
15188.61 6.64 81.08 15.25 3.67
15193.64 3.55 43.02 34.76 22.23
15194.94 6.03 74.84 21.11 4.05
15199.87 6.31 66.96 27.68 5.36
15202.89 7.04 75.36 19.86 4.77
15208.51 2.66 58.74 31.94 9.32
15209.5 3.53 75.34 22.10 2.56
15212.95 5.47 86.26 12.12 1.61
15213.44 5.37 90.27 8.04 1.69
15218.86 2.72 73.11 23.63 3.26
15220.84 3.65 69.40 28.17 2.43
15223.89 8.08 77.78 21.14 1.08
AVERAGE: 5.82 72.22 21.32 6.47
Lane 64-1, East Feliciana Parish, Louisiana
Shale Core Analysis
TRA - Total Porosity
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Depth (ft) Siliciclastics Carbonates Clays Pyrite Fluorapatite Barite
15102.27 42.6 15.4 37.6 4.3 0 0.2
15105.9 32 7.5 57.8 2.1 0 0.7
15110.17 40 7.2 48.9 3.3 0 0.6
15113.6 29.2 8.7 58.3 3.2 0.2 0.5
15115.61 28.1 8.3 60.1 2.9 0 0.5
15122.21 34.6 5 55.3 4.3 0.1 0.7
15124.23 41.2 5 49.3 3.9 0 0.7
15126.72 29.4 16.8 50.2 3 0 0.6
15129.68 24.9 14.5 55.9 3.9 0 0.8
15131.66 29.7 13.6 52.2 4.3 0.2 0
15135.85 35.7 7.2 52.2 4.3 0 0.7
15147.54 23.4 20.7 51.8 3.6 0 0.6
15149.25 32.6 22.6 41.1 3.8 0 0
15150.94 30.5 9.8 56.7 2.5 0 0.6
15157.14 31.6 12.6 51.6 3.2 0.2 0.7
15162.51 20.4 8.9 62.4 7.7 0 0.6
15162.88 34.5 5.4 55.8 3.2 0.1 1.2
15164.86 29.6 5.8 60.8 3.7 0 0.1
15170.95 29.9 10.1 55.3 3.9 0 0.7
15172.91 24.3 19.5 53 3.3 0 0
15176.74 20.7 41.6 34.2 2.7 0.2 0.6
15178.21 26 18.9 50.8 3.6 0.2 0.6
15180.66 29.7 10.2 54.8 3.9 0.8 0.5
15184.71 24.7 19.7 50.1 3.5 0.8 1.1
15188.61 31.6 8.8 53.6 5.2 0 0.8
15193.64 14.4 57.2 25.1 3.1 0 0.3
15194.94 28.8 5.4 60.5 4.6 0 0.8
15199.87 31 11 52.1 5.3 0 0.6
15202.89 31 6.4 58.2 4.2 0 0.2
15208.51 21.1 58.3 16.4 4 0 0.1
15209.5 35.4 24.8 32.3 7.3 0.3 0.1
15212.95 27.6 8.8 60.9 2.2 0 0.6
15213.44 26.6 12.2 57 2.9 0.2 0.6
15218.86 42.4 28.9 26.5 2.1 0 0
15220.84 40.3 24.8 33.2 1.4 0 0.2
15223.89 25.2 9 62.4 3.2 0 0.1
AVERAGE: 30.0194444 15.85 49.844 3.7111 0.09166667 0.49167
Lane 64-1,  East Feliciana Parish, Louisiana
Composition Determined by XRD
Whole Rock Mineralogy
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Depth (ft)
As 
Received 
Bulk 
Density 
(
g
/cc)
TOC 
(wt%)
S1 
(mg/g)
S2 
(mg/g)
S3 
(mg/g)
Tmax 
(°C)
Hydrogen 
Index
Oxygen 
Index
15102.27 2.613938 0.57 1.31 0.65 0.04 447 114.0351 7.01754
15105.9 2.5915301 0.82 0.84 1.12 0.01 455 136.5854 1.21951
15110.17 2.6558744 0.71 0.72 1.05 0.01 453 147.8873 1.40845
15113.6 2.6085528 1.28 1.34 2.18 0.04 459 170.3125 3.125
15115.61 2.6115393 1 1.01 1.63 0.07 460 163 7
15122.21 2.6099216 0.59 0.42 0.81 0.01 454 137.2881 1.69492
15124.23 2.6147375 0.82 0.71 1.09 0.01 459 132.9268 1.21951
15126.72 2.6137412 1.15 1.14 1.71 0.05 458 148.6957 4.34783
15129.68 2.6033838 1.11 1.18 1.57 0.03 457 141.4414 2.7027
15131.66 2.6063535 1.67 1.7 2.81 0.14 457 168.2635 8.38323
15135.85 2.6594102 0.79 0.65 0.92 0.04 452 116.4557 5.06329
15147.54 2.6331885 1.09 0.98 1.35 0.15 458 123.8532 13.7615
15149.25 2.6199866 1.42 1.34 1.87 0.15 459 131.6901 10.5634
15150.94 2.5850612 1.99 2.01 3.25 0.21 459 163.3166 10.5528
15157.14 2.6294481 1.39 1.57 1.95 0.19 460 140.2878 13.6691
15162.51 2.5823459 0.86 0.76 1.17 0.11 460 136.0465 12.7907
15162.88 2.6133008 0.91 0.68 0.95 0.07 459 104.3956 7.69231
15164.86 2.6129188 1.3 1.15 1.64 0.12 461 126.1538 9.23077
15170.95 2.6003542 1.43 1.61 1.84 0.12 460 128.6713 8.39161
15172.91 2.5888504 1.36 1.23 1.64 0.18 461 120.5882 13.2353
15176.74 2.5887987 1.9 2.86 3.02 0.35 460 158.9474 18.4211
15178.21 2.5904506 1.79 2.36 2.83 0.33 461 158.1006 18.4358
15180.66 2.5873685 1.36 1.48 1.74 0.28 459 127.9412 20.5882
15184.71 2.5851558 1.55 1.79 2.04 0.3 461 131.6129 19.3548
15188.61 2.6378532 0.87 0.8 1 0.03 459 114.9425 3.44828
15193.64 2.5968818 2.1 3.02 3.77 0.23 459 179.5238 10.9524
15194.94 2.6458872 1.21 1.01 1.3 0.18 463 107.438 14.876
15199.87 2.6117106 1.32 1.96 1.86 0.19 459 140.9091 14.3939
15202.89 2.5981894 1.21 0.88 1.23 0.28 462 101.6529 23.1405
15208.51 2.6792789 1.47 1.02 1.71 0.29 459 116.3265 19.7279
15209.5 2.7175692 0.82 0.57 0.61 0.25 458 74.39024 30.4878
15212.95 2.6493609 0.76 0.3 0.5 0.2 462 65.78947 26.3158
15213.44 2.7233217 0.69 0.26 0.45 0.18 461 65.21739 26.087
15218.86 2.6671406 0.74 0.64 0.74 0.18 458 100 24.3243
15220.84 2.6666247 0.75 0.47 0.66 0.18 460 88 24
15223.89 2.6312155 0.88 0.46 0.84 0.17 460 95.45455 19.3182
AVERAGE: 2.6230901 1.15778 1.17306 1.54167 0.14917 458.583 127.1706 12.6928
Lane 64-1, East Feliciana Parish, Louisiana
Rock-Eval Pyrolysis Summary
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APPENDIX B 
SINGLE LINEAR REGRESSION ANALYSIS OF HIGH RESISTIVITY TUSCALOOSA 
MARIN SHALE CHARACTERISTICS 
 
 
 
 
 
 
 
 
 
 
 81 
 
 Using a MATLAB, a single linear regression analysis matrix was created of the 
quantitative characteristics obtained from the laboratory analysis data along with the resistivity 
measurements recorded from the wireline logs of each of the study wells. These matrixes give a 
direct measure of correlation between each characteristic plotted against all other characteristics 
in order to determine those that exert the strongest influence on each other.  
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